J Autism Dev Disord
DOI 10.1007/s10803-012-1695-5

ORIGINAL PAPER

Recognition of Emotions in Autism: A Formal Meta-Analysis
Mirko Uljarevic • Antonia Hamilton

 Springer Science+Business Media New York 2012

Abstract Determining the integrity of emotion recognition in autistic spectrum disorder is important to our theoretical understanding of autism and to teaching social
skills. Previous studies have reported both positive and
negative results. Here, we take a formal meta-analytic
approach, bringing together data from 48 papers testing
over 980 participants with autism. Results show there is an
emotion recognition difficulty in autism, with a mean effect
size of 0.80 which reduces to 0.41 when a correction for
publication bias is applied. Recognition of happiness was
only marginally impaired in autism, but recognition of fear
was marginally worse than recognition of happiness. This
meta-analysis provides an opportunity to survey the state of
emotion recognition research in autism and to outline
potential future directions.
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Introduction
In Kanner’s original (1943) description of autism, he
considered this condition to be an ‘‘example of inborn
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autistic disturbances of affective contact’’. Over 60 years
later, the role of emotion in autism is still debated. Current
ICD-10 and DSM-IV criteria for diagnosis of autistic
spectrum condition (ASC) list marked impairments in the
use of facial expression, body postures, and gestures to
regulate social interaction; the lack of mutual sharing of
emotions, impaired or deviant response to other people’s
emotions and the lack of spontaneous seeking to share
enjoyment, among other symptoms. These difficulties in
using, sharing and responding to emotions correspond
roughly to two of the three components of emotion processing (as defined by Begeer et al. 2008; Herba and
Phillips 2004; Phillips et al. 2003), namely production of
an emotional state and regulation of that state. Diagnostic
criteria for autism do not require a difficulty in the first of
Philips’s components; the identification of emotional cues.
Nevertheless, it is commonly assumed that emotion recognition difficulties are present in individuals with ASC.
In typical children, recognition of emotional facial
expressions is an early developing social skill. WalkerAndrews (1998) found that 4-month-old infants were able
to discriminate between expressions of anger, fear, sadness,
happiness and surprise when those expressions were presented in a familiar context and that their reactions were
specific for particular emotional expressions. Also,
between 8 and 10 months infants begin to use emotional
expressions for social referencing (Camras and Shutter
2010). Emotional expressions are a basic source of information about the sender’s current emotional state (Ekman
1992), intentions (Adams et al. 2006) and about important
objects and events in the environment (Moses et al. 2001;
Olsson et al. 2007).
Failure of these fundamental early emotion recognition
skills would have profound consequences for a child’s
social development, cutting the child off from learning
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about other people’s feelings and responses. Thus, it has
been suggested that emotion reading might be a primary
difficulty in autism (Hobson 1986a, b). Some interventions
for autism specifically teach emotion recognition skills
(Golan et al. 2010; Hopkins et al. 2011). However, despite
numerous studies, there is not yet any consensus whether if
basic emotion recognition is a fundamental and universal
difficulty for individuals with ASC or not. The following
brief review provides a summary of some of the research
conducted (see Harms et al. 2010 for a more detailed
approach).
Early work on emotion matching suggested that participants with autism have difficulty matching emotional
facial expressions to emotional body actions, contexts or
line drawings (Hobson 1986a, b; Hobson et al. 1988;
Weeks and Hobson 1987; Braverman et al. 1989). However, a detailed study with well-matched participant groups
did not find any evidence for basic emotion recognition
difficulties (Ozonoff et al. 1990). Research turned to the
idea that participants with autism might have difficulties in
the recognition of just some of the six basic emotions rather
than a generalised deficit. Baron-Cohen et al. (1993) suggested that theory of mind difficulties in autism could cause
selective difficulties in recognizing surprise, and found
some evidence in favour. However, other studies have
failed to replicate this finding (Baron-Cohen et al. 1997;
Castelli 2005; Spezio et al. 2007). Other studies suggest
fear recognition is most difficult for individuals with autism (Ashwin et al. 2006; Corden et al. 2008; Howard et al.
2000; Humphreys et al. 2007; Pelphrey et al. 2002;
Wallace et al. 2008). Difficulties have also been reported in
other negative emotions (anger: Ashwin et al. 2006; disgust: Wallace et al. 2008; Humphreys et al. 2007; Ashwin
et al. 2006; sadness: Boraston et al. 2007; Corden et al.
2008; Wallace et al. 2008). However, there are also published studies that did not find impairments in the recognition of fear and other negative emotions (Lacroix et al.
2009; Piggot et al. 2004) or found deficits in the recognition of positive emotions as well (Humphreys et al. 2007).
Research on generalised emotion recognition difficulties
in ASC has also continued, with very mixed results. Published studies have found generalised deficits on various
emotion reading tasks (Corbett et al. 2009; Davies et al.
1994; Loveland et al. 2008; Tantam et al. 1989). However,
there are also a significant number of papers reporting no
differences between typical and autistic participants
(Baron-Cohen et al. 1997; Castelli 2005; Da Fonseca et al.
2009; Jones et al. 2011; Lacroix et al. 2009; Neumann et al.
2006; Ozonoff et al. 1990; Piggot et al. 2004; Spezio et al.
2007). These include some of the studies with the closest
match between participant groups (Ozonoff et al. 1990) and
studies with large sample sizes (Jones et al. 2011; Loveland
et al. 2008).
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Thus, the overall picture of emotion reading in autism is
very mixed. The interpretation is further complicated by
the large variability between studies in sample size, task,
participant characteristics and group matching. Published
studies have sample sizes ranging from only 5 participants
up to 97, and it is possible that many studies are underpowered. Different tasks have also been used, but positive
and negative results have been found in both emotion
labelling tasks which might rely on verbal skills and in
emotion matching tasks which are non-verbal. Some have
suggested that subtle or difficult tasks are required to reveal
emotion reading difficulties (Clark et al. 2008; Humphreys
et al. 2007; Law Smith et al. 2010). Again, other studies
show good performance by autistic children even in subtle
tasks (Castelli 2005; Tracy et al. 2011). Finally, it has been
suggested that deficits in emotion recognition are only
evident when the autistic group is not carefully matched
with the control group (Ozonoff et al. 1990). However,
although this fact might explain findings on some earlier
studies (Tantam et al. 1989), more recent research has
addressed this issue more carefully (Humphreys et al.
2007; Wallace et al. 2008).
This brief narrative review demonstrates that there are
currently no straightforward answers in research on emotion recognition in autism. It is not clear if individuals with
autism spectrum disorder are impaired in their ability to
read basic emotional expressions. Furthermore, if such
impairment does exist, it is not clear if all emotions are
equally affected or whether reading of certain emotions
might be spared or impaired to a lesser extent. Ozonoff
et al. (1990) suggested that for the emotion reading
impairment to be considered a fundamental deficit in autism, impairments should be apparent across studies, paradigms and control groups. One way to test this is to conduct
a formal meta-analysis.
Meta-analysis uses a strict set of search criteria to enable
identification of all possible and relevant research studies
published on the subject of interest. Inclusion and exclusion criteria are clearly stated and this together with
comprehensive search minimizes the risk of bias. Statistical
analysis of effect sizes for each study weighted by the
sample size of the study provides numerical estimates of
overall effect size, as well as the impact of moderator
variables and the possibility of publication bias. By analyzing large collections of data from individual studies,
meta-analysis can overcome the problem of heterogeneity
in results due to small sample size and heterogeneity in
study characteristics (Egger 1997a; Green 2005; Van den
Noortgate and Onghena 2006). The present paper uses a
formal meta-analytic approach to examine the question of
emotion recognition in autism based on the existing literature. This approach allows us to systematically summarise
and integrate the findings of multiple studies, and thus
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assess the general question of emotion reading in autism.
We focus on emotion reading from visual stimuli because
these are most studied, and aim to determine if deficits in
reading visual emotions are present across age, IQ and task
in autism, and if such difficulties are equivalent in magnitude across different emotions.

Articles excluded because
Articles identified in initial
searches: n=487

they were not relevant
n=381

Full text articles excluded: n=58
Full-text articles
reviewed

Methods

n=106

• means / SD not available: n= 16
• stimuli type / task : n= 27
• emotion type 2: n= 7

Literature Search

• sample size / no control group: n=5
• not able to find the full article: n= 3

In order to find eligible studies, we searched Web of Science, PsychINFO and PubMed using combinations of the
following terms: autism, Asperger syndrome, pervasive
developmental disorders, emotion recognition, emotion
perception, facial expression, facial affect, face, body.
Additional searches of relevant journals (Journal of Autism
and Developmental Disorders, Autism, The Journal of
Child Psychology and Psychiatry, Journal of Child Psychology and Psychiatry, Developmental Psychopathology)
were performed. Also we searched the reference list of
review articles and lists of publications of researchers
working in this field. Studies published after December
2011 were not included.
Inclusion Criteria
We included studies published in English comparing a
group of participants formally diagnosed with ASC and a
group of typically developed subjects. Master and doctoral
theses and conference presentations were not included. We
limited our analysis to studies examining recognition of
emotions presented in the visual modality. Information
regarding the accuracy on behavioural tasks had to be
available in order for study to be included. We included all
studies examining more than one of the six standard
emotions: fear, surprise, anger, disgust, happiness and
surprise expressed by face and body (Ekman and Friesen
1976; Prinz 2004). Complex or social emotions and recognition of emotional hand gestures were excluded. Neuroimaging, electroencephalograhic, eye-tracking and
physiological studies were also included if they employed
behavioural tasks that met above mentioned criteria.
Figure 1 provides an overview of the selection process, and
Table 3 of supplementary information lists the 59 articles
which were excluded with details of why.
Coding and Analysis
Each study was initially coded by the first author and
coding was then checked by the second author. Studies
were coded for the following variables:

Full text articles included in
review n=48

Fig. 1 Selection process. This chart indicates how papers were
selected for inclusion in the meta-analysis. Articles were excluded if
they were not relevant (e.g. did not examine participants with autism,
did not examine recognition of emotion, were review articles, were
not published in English)

1.
2.
3.
4.

5.

6.

7.

Number/gender of participants in autistic and control
groups;
Diagnosis and tools used for diagnosis;
Mean age and standard deviation of participants in
autistic and control groups;
Level of function of participants—this included mental
age (verbal and non verbal) intelligence (full scale,
verbal and performance) and instruments used;
Type of task: we classified tasks as emotion labelling
(EL) which could be forced choice or free choice,
emotion matching (EM) or a different task (detailed in
Table 1 of supplementary information).
Stimuli: whether stimuli showed faces or bodies, and
whether they were static or dynamic. For face stimuli,
the source and style of stimuli was noted.
Emotions: we focused on ‘‘the big six’’ (Ekman and
Friesen 1976; Prinz 2004): happiness, anger, fear,
disgust, sadness, surprise and not on the emotions later
included in this category (amusement, embarrassment,
excitement, pride, pride, shame, relief …).

We coded the results of each study in terms of the mean
correct performance of each group and the standard deviation of correct performance, rather than reaction time or
neurophysiological measures. Reaction time data was not
coded because many studies did not collect this data, but
this does limit the sensitivity of our analysis. Where performance measures had been recorded but full data was not
present in the paper (e.g. data was plotted but not listed as
numbers), we contacted the authors to obtain the groups
means and standard deviations. We are grateful to all
authors who responded to our requests. Using the mean and
SD data, we calculated Hedge’s d, a measure of effect size
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that is equivalent to Cohen’s d but includes a correction for
small sample sizes (Hedges 1981). Studies that did not
report means and standard deviations of behavioural performance for each group could not be included, but are
listed in Table 3 of supplementary information. Where
studies reported performance data for individual emotions
separately, we recorded this data (Table 2 of supplementary information) to enable an analysis of differences in
recognition performance for different emotions. Again,
data was summarised in terms of Hedge’s d and the variance of d. Supplementary data 4 lists the full references of
all studies in the meta-analysis.
Some studies reported more than one analysis of the same
ASC participant group. For example, the same participants
might have completed an emotion-matching and an emotion-labelling task or might be matched to one typical group
on verbal mental age and to another typical group on nonverbal mental age. Each of these results is listed as a separate
row in Table 1 of supplementary information. However, it
would not be appropriate to include data from exactly the
same autism sample several times in the meta-analysis, so
we had to select only one result from each study for further
consideration. The comparisons which were included are
marked with a star in Table 1 of supplementary information.
Where studies tested the same group of participants on
multiple tasks, we included the Emotion Labelling task (EL)
in preference to others, and Static stimuli in preference to
dynamic. This selection was made because these were the
most common tasks/stimuli, and we wanted to reduce heterogeneity in our results. Analysis using the less common
task/stimuli where possible did not change our results substantially. Where multiple comparison groups were present
in a study, we included the group matched for verbal abilities
in preference to a non-verbal match.
We conducted three analyses on the effect size data.
First, analysis of effect size and assessment of the role of
moderator variables (participant age and IQ) was conducted
using MetaWin 2.0 (Rosenberg et al. 2007). This allows us
to answer the general question of whether participants with
autism do show emotion recognition difficulties and to
obtain confidence limits on this answer. Second, analysis of
possible publication bias and the implementation of the
trim-and-fill method for ameliorating publication bias
(Duval and Tweedie 2000) was implemented using the
Meta package in R (Schwarzer 2007; http://cran.r-project.
org/web/packages/meta/index.html). This allows an initial
assessment of whether unpublished data on emotion recognition (likely to have null results) is an important issue in
this area. Finally, we examined effect sizes in the 16 studies
which reported data from individual emotions. Here we
used conventional ANOVA and t tests in SPSS to determine
if there were difference in effect size between different
emotions.
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Results
48 papers published from 1989 to 2011, which tested 932
participants with autism met our criteria (see Fig. 1 for the
description of selection process and Table 3 of supplementary information for the list of excluded studies).
Table 1 of supplementary information presents a list of the
studies that were included in our analysis. Twenty eight
comparisons used the Ekman facial affect set of stimuli and
46 used different stimuli. 65 comparisons used static faces
and 10 used dynamic stimuli. 38 comparisons used an
emotion labelling task (32 forced and 6 free labelling task),
23 used an emotional face matching task and the remaining
12 used other tasks. 63 comparisons examined recognition
of facial emotions, while 7 comparisons used body emotion
and 8 used emotional context tasks. Sample sizes ranged
from 5 (Pelphrey et al. 2002) to 97 (Jones et al. 2011).
Mean age of participant’s ranged from 6 to 41 years, and
mean FSIQs ranged from 40 to 130. Thus, our meta-analysis covers the full range of ages, IQs and emotion recognition tasks which are encountered in the research
literature.
General Emotion-Recognition Difficulties in ASC
For this analysis, we included 50 comparisons that examined emotion recognition without overlap in the participant
groups. From a random effects analysis of overall effect
size, we found a mean effect size of -0.800, with 95 %
confidence limits from -0.57 to -0.99. Negative effect
sizes indicate worse performance by the autism group. This
is a large effect size (Cohen 1988) and indicates that
overall, individuals with autism do have difficulties in
emotion recognition. The studies also had substantial heterogeneity (Q total = 77.83, df = 49, p = 0.0054), indicating that effect sizes were not uniform across studies
(Gurevitch and Hedges 1999).
We considered the impact of two moderator variables on
emotion recognition—the mean age of the autism sample
and the mean IQ of the autism sample. Two outlier studies
with very large negative effect sizes which were more than
2 standard deviations from the mean effect size (visible on
the left of Fig. 2; Da Fonseca et al. 2009; Gepner et al.
1996) were excluded from this analysis. There were no
significant effects of age (slope = -0.01, p = 0.24) or of
IQ (slope = -0.004, p = 0.27) on effect size.
To examine effects of task, we compared 34 studies
which used an emotion-labelling task to 13 studies which
used an emotion matching task. Again, the two outlier
studies were excluded. Effect size was -0.68 for emotionmatching and -0.70 for emotion labelling, with no difference between tasks (Q = 0.007, df = 1,46, p = 0.93).
Thus, there was no evidence for systematic effects of task.
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Fig. 2 Funnel Plot. Effect size for each study (Cohen’s d) is plotted
against the number of participants with autism in that study. Filled
circles indicate studies in the meta-analysis. Open squares indicate
studies inferred in the trim-and-fill analysis

The Impact of Publication Bias
Publication bias, arising when studies with null findings are
not published, is an important issue to consider in any
meta-analysis. As an initial tests of publication bias, we
plotted effect sizes against the number of autistic participants in a funnel plot (Egger et al. 1997b) (Fig. 2, solid
circles). The clear asymmetry in the funnel plot, with the
majority of studies to the left of the plot, suggests that
publication bias may be an issue. Thus, we implemented
Duval & Tweedie’s trim-and-fill method, which estimated
an additional 13 ‘missing studies’ (open squares in Fig. 2).
Repeating our standard random effects analysis with these
filled studies gave an estimated effect size of -0.414, with
95 % confident limits from -0.646 to -0.182 and a
p value of 0.0005. Thus even after trim-and-fill, the overall
effect size for the recognition of emotions by participants
with autism is negative with confidence limits that do not
span zero. It is important to note that the magnitude of the
effect after trim-and-fill is substantially smaller than the
raw estimate. Figure 1 also illustrates how the majority of
published studies have small participant groups, with only
13 studies out of 45 testing 20 or more participants, and
that the largest study reports an effect size close to zero.
Differences Between Individual Emotions
16 studies were available with data on the recognition of
different emotions in individuals with autism (see Table 2
of supplementary information). These tested 379 participants with autism and most examined adults. Three of
these studies used more than one task on the same participant sample, so all results are listed but only one comparison from each study was included in the meta-analysis.
All six individual emotions showed negative effect sizes.
For five emotions (sadness, anger, surprise, fear, disgust),

the 95 % confidence intervals were entirely in the negative
range, suggesting that adults with ASC have difficulty with
recognition of each of these individual emotions. However,
the 95 % confidence intervals for happiness spanned zero,
demonstrating no reliable difficulty in the recognition of
happiness across these studies (Fig. 2). As the confidence
limits came close to zero, it is possible that there is a
marginal difficulty in the recognition of happiness which
would be revealed with more subtle measures such as
reaction time.
Comparison between different emotions was complicated by the fact that only eight of these studies tested all
six emotions (Table 2 of supplementary information). An
ANOVA across the effect sizes found in these eight studies
revealed no significant effects of emotion (F = 1.89;
df = 5,35; p = 0.12). This is congruent with Fig. 3 which
shows overlapping confidence intervals between all emotions. To allow all the original data to be considered, we
decided to compare each emotion to Happiness as a baseline emotion. Unfortunately, there was not enough data on
recognition of neutral faces (the more traditional baseline)
to use this option. Happiness makes a suitable baseline
because no theoretical accounts suggest a specific impairment in happiness, and because all studies tested this item.
We performed paired-sample t tests comparing the effect
size for each other emotion to the effect size for happiness.
Results revealed no difference for sadness (p = 0.36,
df = 15, t = 0.94), surprise (p = 0.14, df = 10, t = 1.6),
disgust (p = 0.32, df = 9, t = 1.06) or anger (p = 0.069,
df = 14, t = 1.97). Recognition of fear (p = 0.044,
df = 12, t = 2.248) was significantly worse than recognition of happiness, but as this result would not survive
Bonferroni correction for 5 comparisons (p \ 0.01), it must
be considered marginal.

Discussion
This paper used formal meta-analysis to examine whether
individuals with autism spectrum disorders show general
emotion recognition deficits. We examined 48 studies
testing over 930 participants with autism, and found evidence of a large negative effect size (-0.80) indicating that
there is indeed a general impairment in emotion recognition in individuals with ASC. This effect size was substantially reduced (to -0.41) but still significantly different
from zero when a correction for publication bias was
included. Participant age, IQ and task had no impact on
performance. There was marginal evidence for differences
between emotions, with confidence limits for recognition
of happiness spanning zero, and marginally worse recognition of fear than happiness. Based on these results, we
discuss general methodological issues in emotion research
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Fig. 3 Effect size for different emotions. Mean effect size (±95 %
confidence limits) are plotted for each of the six basic emotions. Data
are from Table 2 of supplementary information

and then consider the impact of age, IQ, task and the different emotions tested on performance by participants with
autism. Finally, we highlight useful directions for further
research.
Methodological Issues
The question of how best to examine atypical development
of cognitive abilities is not an easy one to answer (Charman
et al. 1998; Johnson et al. 2002; Thomas et al. 2009) and
our overview of the literature raises several important
points. First, the issue of publication bias (Dickersin 1990)
is likely to be important in autism-emotion research. Publication of null effects tends to be harder than publication
of positive results, and it is plausible that studies with small
groups and null findings (or better performance in the
autism group) remain hidden in university filing cabinets
around the world. Even in cases where results are published, statistical tests that did not yield significant results
(at p \ 0.05) are sometimes not reported in detail. Of the
58 comparisons in Table 3 of supplementary information
(which did not provide detailed results), 22 reported either
no differences, mixed results or subtle differences between
typical and autistic groups. In contrast, the studies in
Table 1 of supplementary information (which did provide
detailed results) reported significant findings in the vast
majority of cases. This suggests a bias in reporting statistics
even within published papers, and motivates us to strongly
encourage researchers to report in full the results of the
statistical tests they conducted, even when not significant.
Second, of the 48 studies in Table 1 of supplementary
information, only 31 % (15 studies) tested groups with 20
or more participants. However, a straightforward power
analysis suggests that detection of a large group difference
(effect size = 0.8) between two independent populations
with a power of 0.95 requires 35 participants in each group.
This suggests that the vast majority of studies examining
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emotion recognition in autism are underpowered. This is
where a meta-analysis of the form conducted here can add
substantially to the existing literature. Notably, the two
largest studies in our sample (Jones et al. 2011; Loveland
et al. 2008), which examined 97 and 80 autistic participants, respectively, both found no evidence of group differences in emotion recognition.
We used Duval & Tweedie’s trim-and-fill method to
attempt to correct for publication bias, and this analysis
‘filled in’ an additional 13 results. After filling-in, the
overall effect size for the emotion recognition deficit in
autism remained significantly different from zero but was
small (0.40). Power analysis suggests that groups of over
135 participants would be needed to reliably detect such an
effect in a simple comparison of typical and autistic participants, but no researchers have yet attempted such an
ambitious task. However, we note a trend for larger sample
sizes in more recent studies and hope this continues.
Age, IQ and Task Factors
Our meta-analysis shows that the question of emotion
recognition in autism is an active one which continues to
attract research 25 years after the first studies on the topic.
With over 100 articles published on the topic of emotion
processing in autism, it might seem surprising that this
question still remains unresolved. One possible explanation
for this might be the heterogeneity of tasks and participant
groups involved in different research studies. Our studies
covered a wide age range but did not reveal any effects of
age or IQ on emotion recognition performance. This suggests that emotion recognition difficulties are not specific
to any particular subgroup of individuals with autism (e.g.
lower functioning individuals), and that there were no
substantial changes in recognition performance with age.
This does not mean that individuals cannot improve as they
grow older, but rather that the population as a whole does
not improve. We also note that this lack of an IQ effect
does not mean that there is no relationship between IQ and
emotion processing. Many studies in the meta-analysis
match participant groups on the basis of their IQ, so these
studies can at best show participants with ASC performing
at the level expects for their mental age, not at the same
level as individuals with the same chronological age.
Second, several studies in the meta-analysis provide only
very limited IQ information. Thus, further research would
be needed to define how intellectual capacity relates to
emotion processing.
Another important issue in considering the role of IQ
and level of functioning in emotion processing is the possibility of subgroups within the autism spectrum having
different capabilities. The autism spectrum can be divided
into classical autism, high-functioning autism, Asperger’s
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syndrome and pervasive developmental disorder not
otherwise specified (PDD-NOS) though the meaning of
these categories is under debate (Lord and Jones 2012;
Mandy et al. 2012). It is possible that emotion processing is
abnormal in just some of these groups but not others.
Unfortunately, the papers reviewed in this meta-analysis
used a variety of diagnostic tools and few distinguish
between these different subgroups of autism. Thus, it was
not feasible to examine emotion recognition within specific
subgroups. This would be an interesting topic for future
studies.
Differences in the tasks used to assess emotion recognition could also contribute to the heterogeneity of results.
In the studies we examined, 38 comparisons used an
emotion labelling while 23 used an emotion matching task
and 12 used other tasks. In a typical matching task, participants are asked to match pictures with a target picture
where correct choice expresses the same emotion as the
target but differs in other features such as identity or angle
of view. In emotion labelling tasks participants are shown
images or videos of emotional displays and are asked to
either choose an item from a short, pre-specified list
(forced choice format) or to come up with an emotion term
(free labelling format) for what is portrayed on the picture.
While it is often assumed that both labelling and
matching tasks tap the same core emotion recognition
systems, there are important differences between them
(Hariri et al. 2000; Herba and Phillips 2004; Phan et al.
2002). Matching tasks could be completed based on surface
characteristics of the stimuli without a full understanding
of the emotion. Thus, these tasks might lack sensitivity and
allow individuals with autism to use compensatory strategies (Celani et al. 1999; Fein et al. 1992; Klin et al. 2002;
Teunisse and de Gelder 2001). Labelling tasks require good
verbal skills, especially in free-labelling conditions, but
forced choice labelling may allow participants to guess a
correct answer (Russell et al. 2003). Our meta-analysis did
not find any evidence for overall differences in performance between emotion labelling and emotion matching
tasks. This suggests that the difficulties experienced by
ASC participants in these tasks are due to emotion processing and not to the linguistic or perceptual demands of
these different tasks.
Role of Different Emotions
We analysed recognition of individual emotions in 16
studies that provided sufficient data and found that ASC
individuals had difficulties in the recognition of five basic
emotions but did not have difficulties in recognition of
happiness (there may be a marginal difficulty here because
confidence limits only just span zero). There was tentative
evidence for worse recognition of fear than of happiness,

but no differences between happiness and sadness, surprise
or disgust. One limitation of these results is that there was
not enough data on the recognition of neutral faces for this
category to contribute to our analysis. This means that we
lack the ideal baseline, and had to use happiness as a
‘baseline’ emotion because this was the only emotion tested in all the studies examined. With these caveats, there
are two important implications to these results. First, if
recognition of happiness is not impaired in autism, this
argues against the idea that poor emotion recognition is
universal and primary in autism. Second, if recognition of
fear is worse than recognition of happiness, this favours
theories that link autism to poor eye contact and poor fear
processing in the amygdala. We consider each of these in
turn.
The finding that recognition of happiness is only borderline-impaired in autism might seem contrary to the
global meta-analysis which found an overall recognition
deficit. Mean effect size for happiness recognition was
negative and the confidence limits only just spanned zero,
suggesting there might be a marginal difference. Thus, it
might be tempting to argue that more studies would reveal
a true happiness recognition deficit. However, if publication bias is a factor, and our analysis above suggests this is
likely, then studies reporting group differences in emotion
recognition are more likely to be published than those
which do not. This means that current estimates of effect
size may be inflated, and future studies might decrease our
estimate of effect size in happiness recognition and solidify
the conclusion that recognition of this emotion is intact in
autism. This is an important result because it suggests we
should rule out theories that claim a global emotion recognition difficulty is primary and universal in autism.
Rather, difficulties with emotion processing must be specific to particular emotions or stimuli.
A hint of specific difficulties was seen in the comparison
of happiness recognition to fear recognition, where a
marginally significant difference was found. Several theories link predict poor fear processing in autism, drawing on
neurological or behavioural explanations. In neurological
terms, it has been suggested that the amygdala has a specific role in the processing of fear (Adolphs 2008) and
negative emotions in general (Adolphs et al. 1999;
Anderson et al. 2000). Dysfunction of the amygdala in
autism could cause poor recognition of fear and other
negative emotions (Ashwin et al. 2006; Baron-Cohen et al.
2000; Howard et al. 2000), which is compatible with our
data. Dysfunction of the amygdala in autism might lead to
a lack of orienting to social stimuli, in particular to the eyes
in a face (Neumann et al. 2006; Spezio et al. 2007). For
example, several studies have found reduced attention to
the eyes (Boraston et al. 2007; Dalton et al. 2005; Klin
et al. 2002; Pelphrey et al. 2002) and increased attention to
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the mouth region (Joseph and Tanaka 2003) in ASC,
though contradictory results have been reported (Lopez
et al. 2004; Van Der Geest et al. 2002). Processing of the
eye region is particularly relevant to the recognition of fear,
which requires attention to eyes and eye-brows (Dimberg
and Petterson 2000; Dimberg and Thunberg 1998; Ekman
2004; Smith et al. 2005). In contrast, processing of the
mouth region could be sufficient to judge happiness, which
seems easier for participants with autism. Thus, amygdala
dysfunction in autism could lead to reduced fixation on the
eyes and to a difficulty in fear and anger recognition
(Adolphs et al. 2005) together with better happiness
recognition.
While this explanation is appealing, it is complicated by
some results which suggest no difference between typical
and autistic amygdala activity during emotion labelling and
matching tasks (Piggot et al. 2004). There is also evidence
that the amygdala is does not respond only to fear, but
functions as a ‘motivational relevance detector’ (Whalen
2007), which responds to positive and ambiguous stimuli
as well (Phan et al. 2002; Whalen 2007). Thus, the status of
an amygdala explanation of poor fear recognition in autism
remains unclear.
Finally, our data provide evidence against one particular
emotion-specific account of autism. At least some formulations of the Theory of Mind hypothesis predict a specific
deficit in recognition of surprise in autism (Baron-Cohen
et al. 1993). Of the six basic emotions, surprise is the only
one that requires assessment of another person’s mental
state (he expected something different, he is surprised).
This means that if mental state judgements are impaired in
autism and are required for processing of surprised facial
expressions, then recognition of surprise might be specifically impaired. However, our results did not provide any
evidence that surprise recognition is more difficult than
recognition of any other emotions.
Future Directions
Ozonoff et al. (1990) suggested that for the emotion recognition difficulties to be considered a fundamental deficit
in autism, impairments should be apparent across studies,
paradigms and control groups. The data reviewed here do
not strongly support a global emotion recognition impairment, because recognition of happiness was (just) intact
across the studies we sampled. However, even a metaanalysis of this scale is fundamentally limited by the
quality of the input data. Thus, issues such as sample size,
group matching and the tasks used are critical (Burack
et al. 2004; Harms et al. 2010; Jarrold and Brock 2004;
Mervis and Klein-Tasman 2004). Based on the studies
reviewed, we would encourage researchers in the field to
use larger sample sizes in order to increase the reliability
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and replicability of data. We would also strongly encourage
full reporting of results (in tables, not just graphs) and of all
statistical tests, even those which were not formally significant. Lack of full data substantially reduced the sample
of published papers which could contribute to this metaanalysis (Table 3 of supplementary information).
Despite over 20 years of research, the status of emotion
recognition in autism remains uncertain and the present
meta-analysis highlights some possibilities. One important
question is the role of timing in emotion recognition—individuals with autism might be slower to recognise emotions,
or might have more difficulty with dynamically moving
faces which have higher ecological validity than static
photos. Examining emotion recognition in dynamic, time
constrained and realistic contexts will be an important focus
of future research. A second key area to focus on is potential
differences in the recognition of different emotions, which
has both theoretical and practical implications. Our results
provide tentative evidence for poorer recognition of negative
emotion, but further work testing different emotions in large
participant groups and in combination with neuroimaging
and eye tracking methods would be valuable. In particular, it
is critical to determine the contribution of specific brain
regions and abnormal eye scanning patterns to differences in
recognition of different emotions. Addressing these questions will require more ambitious and large scale studies than
cognitive scientists are accustomed to, but will provide
critical insights into the origins of poor social cognition in
autism, and the relationship between brain, development and
social information processing.
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Table 1: Studies of emotion recognition in ASC. * indicates datasets included in the primary analysis; - indicates information that was not available; EL = emotion labelling task, EM = emotion matching task, EFAS = Ekman facial affect set

Autism group
Row

Study

number
(males)

Diagnosis
(tools)
autism
spectrum
disorder

Control Group

Mean age in
Years (SD)

Level of function

30.9 (13.8)

FSIQ: 116.2 (12.2)
VIQ: 106.9 (11.6)
PIQ: 105.2 (13.5)

12.6 (3.5)

number
(males)

Task

Mean age in
Years (SD)

Level of function

16

VMA: 5.3

15.7 (8.6)

Results
Emotions

stimuli

26.7 (12.8)

FSIQ: 106.6 (8.5)
VIQ: 105.7 (10.0)
PIQ: 108.4 (4.8)

EL (forced)

Patch-light and full-light
displays

Anger,
disgust, fear,
0.61 (0.195)
happines,
sadness

15

4.4 (0.3)

-

EM

photos / drawings from
books

happy, sad,
7.7
surprised

NVIQ: 103.7 (23.7)

22 (11)

29.7 (10.3)

NVIQ: 112.9 (8.4)

EL (forced)

Ekman facial affect set +
author pictures

6 basic +
neutral
6 basic

1

*Atkinson, 2009

13 (12)

2

*Baron-Cohen, Spitz &
Cross, 1993

15

3

*Bolte & Poustka, 2003

15 (12)

4

*Boraston et al., 2007
experiment 2

11 (9)

ASD ADOS

36.7

VIQ: 118 (118-130)
PIQ: 117 (107-133)

9(7)

34 (15)

VIQ: 107 (15.6)
PiQ: 112 (12.5)

EL (forced)

EFAS

5a

*Braverman et al., 1989

10

autism

10.9 (2.7)

DAD MA: 6.2 (2.3)

10

5.4 (1.3)

DAD: 6.2 (1.8)

EL (forced)

Ekman facial affect set

5b

Braverman et al., 1989

10

autism

10.9 (2.7)

DAD MA: 6.2 (2.3)

10

5.4 (1.3)

DAD: 6.2 (1.8)

EM

Ekman facial affect set

5c

Braverman et al., 1989

10

autism

10.9 (2.7)

DAD MA: 6.2 (2.3)

10

5.4 (1.3)

DAD: 6.2 (1.8)

AC

Ekman facial affect set

6a

*Buitelaar et al., 1999

20

autism

12.5 (3.2)

20

10.5 (1.9)

-

EM

Ekman facial affect set

6b

Buitelaar et al., 1999

20

autism

12.5 (3.2)

20

10.5 (1.9)

-

EM (context)

Ekman facial affect set

7

*Castelli, 2005 experiment
2

20

autism,
Asperger
syndrome

12.3 (2.3)

20

9,2 (2.4)

Verbal MA: 9.11
(2.7)

EL (free
naming)

Ekman facial affect set

6 basic +
neutral

8

*Celani, Battacchi &
Arcidiacono, 1999

10 (8)

autism

EM (delayed)

Ekman facial affect set +
Ladavas, 1982

Happy, sad,
“wry faces”
(distractors)

9

*Clark, Winkielman &
McIntosh, 2008

15 (13)

ASD
ADIR, ADOS

EL (forced)

Ekman facial affect set

autism
(Rutter)
autism
(german
ADOS)

mean ASD
Mean
(SD)
control (SD)

type

FSIQ: 102.1 (19.0)
VIQ :104.1 (15.4)
PIQ: 99.5 (21.8)
FSIQ: 102.1 (19.0)
VIQ :104.1 (15.4)
PIQ: 99.5 (21.8)
Verbal MA: 9.2 (2.6)
Performance: 10.1
(3.2)

12.7 (3.8)

VMA: 7.0 (2.1)
IQ: 63.2 (19.4)

10 (8)

6.3 (1.6)

26 (7.5)

PPVT: 99.5 (23.8)

10(9)

19.7 (4.6)

VMA: 6.6 (1.3)
IQ: 101.6 (6.6)

PPVT: 112.9 (4.8)

Hedge's d
(Var d)

0.846
(0.196)

-1.1664
(0.1629)

(2.18)

8.5 (1.54)

-0.4124
(0.1362)

30.07 (8.2)

42.9 (13)

-1.0538
(0.1271)

7.64 (2.10) 8.69 (0.96)

happy, sad,
13 (2.66)
mad, scared
happy, sad,
9 (2.94)
mad, scared
happy, sad,
10.50 (2.99)
mad, scared
happiness,
sadness,
12.8 (2.95)
anger, fear
happiness,
sadness,
6.05 (1.09)
anger, fear

15.10 (1.28)
13.30 (3.20)
14.30 (2.16)

-0.5923
(0.2108)
-0.9636
(0.2232)
-1.3403
(0.2449)
-1.3954
(0.2487)

14.45 (1.43)

-0.6976
(0.1061)

6.45 (0.60)

-0.4456
(0.1025)

7.5 (2.6)

6.9 (2.8)

0.2177
(0.1006)

4.60 (1.26)

7 (0.47)

-2.4172
(0.3461)

0.76 (0.09)

-1.2005
(0.1955)

happy / angry 0.59 (0.16)

Autism group
Row

10

Study

*Corden, Chilvers & Skuse,
2008

Mean age in
Years (SD)

Control Group

number
(males)

Diagnosis
(tools)

21 (16)

Asperger
syndrome
ADI-R, ADOS

33.8 (13.6)

19 (17)

autism,
Asperger
syndrome
ADI-R

12.8 (3.6)

IQ: 93.7 (15.4)

13.72 (1.91)

BPVS MA: 5.65
(1.62) Raven's
Matrices MA: 8.0
(1.59)

Level of function
FSIQ: 117.9 (11.67)
VIQ: 115.8 (9.68)
Non-VIQ: 116.2
(13.73

number
(males)

Mean age in
Years (SD)

Task

Level of function
FSIQ: 117.2 (8.00)
VIQ:115.1(8.19)
Non-VIQ: 115.5
(8.75)

type

stimuli

Emotions

mean ASD
Mean
(SD)
control (SD)

Hedge's d
(Var d)

EL (forced)

EFAS

6 basic

8.11 (1.69) 8.77 (1.37)

-0.4175
(0.0973)

21 (16)

32.1 (11.58)

19 (17)

12.7 (3.4)

-

EM (context)

Visual scene with masked
faces

13.63 (1.56)

BPVS MA: 6.3
(2.05) Raven's
Matrices MA: 7.13
(2.99)

EM

Ekman facial affect set

‚happy, sad,
surprised,
angry

13.93 (1.45)

Mill Hill MA: 11.5
(1.69) Raven's
matrices: 9.72
(1.76)

EM

Ekman facial affect set

11

*Da Fonseca et al, 2009

12a

*Davies et al., 1994
Experiment 2

12b

*Davies et al., 1994
Experiment 2

13a

*Deruelle, Rondan,
Gepner & Tardiff, 2004

11

ASD (CARS)

6.7 (2.4)

IQ: 80

11

6.6 (2.3)

-

EM

13b

Deruelle, Rondan, Gepner
& Tardiff, 2004

11

ASD (CARS)

6.7 (2.4)

IQ: 80

11

6.6 (2.3)

-

EM

14

*Downs & Smith, 2004

10

autism
ADI-R

7.1 (1.1)

IQ: 106 (7.63)

10

7.7 (1.2)

108.9 (12.22)

-

15a

*Dyck, Ferguson &
Shochet, 2001

28 (24)

Asperger
syndrome

-

-

36 (27)

-

-

EL (free
naming)

Facial cues test

15b

*Dyck, Ferguson &
Shochet, 2001

20 (17)

autism

-

-

36 (27)

-

-

EL (free
naming)

Facial cues test

16

*Dziobek et al., 2006

17 (14)

Asperger
syndrome
ADI-R, ASDI

41.4 (9.9)

Shipley IQ: 113 (6)

17 (15)

40.2 (13)

Shipley IQ: 115 (5)

EL (forced)

Ekman facial affect set

10

autism

9

autism,
Asperger
syndrome

Mill Hill MA: 12.2
(2.3) Raven's
14.35 (1.49)
Matrices MA: 10.72
(3.16)

Results

20

11

Black-and-white
photographs of 25 adult
faces and five faces of
children
Black-and-white
photographs of 25 adult
faces and five faces of
children
Level 1 (identifying
emotional facial

fear, sadness,
anger,
68.7 (2.32)
happiness

81.3 (2.33)

-5.3056
(0.4757)

18.4 (4.81)

15.5 (5.23)

0.5534
(0.1551)

‚happy, sad,
surprised,
angry

20 (1.32)

21.1 (1.57)

-0.7195
(0.215)

Disgust,
surprise and
happiness

65.7 (16.8)

90.3 (10.3)

-1.6984
(0.2474)

Disgust,
surprise and
happiness

65.7 (16.8) 96.1

6 basic +
contempt +
neutral
6 basic +
contempt +
neutral
6 basic +
neutral

3.3 (1.6)

(5.1)

4 (0)

-2.3557
(0.3079)
-0.5926
(0.2088)

18.92 (4.12) 20.27 (3.12)

-0.3715
(0.0646)

12.15 (5.9) 20.27 (3.12)

-1.7785
(0.106)

21.6 (2.9)

-1.5134
(0.1513)

25.4 (1.9)

Autism group

Control Group

Task

Results

Row

Study

number
(males)

Diagnosis
(tools)

Mean age in
Years (SD)

Level of function

number
(males)

Mean age in
Years (SD)

Level of function

17a

*Fein et al., 1992

15

PDD

128.53
(30.82)
months

DAD MA: 73.6
(27.07) PPVT: 63.6
(15.22)

15

60.2 (11.87)
months

PPVT matched:
Pictures of affect laden
happy, sad,
62.67 (14.89) DAD EM (context) context (face of child was
9.67 (3.62) 10.87 (2.75)
angry, scared
MA: 63.57 (14.74)
not visible)

-0.3632
(0.1355)

17b

Fein et al., 1992

15

PDD

128.53
(30.82)
months

DAD MA: 73.6
(27.07) PPVT: 63.6
(15.22)

15

64.73 (18.70)
months

DAD MA matched:
Pictures of affect laden
happy, sad,
74 (26.99) PPVT: EM (context) context (face of child was
9.67 (3.62) 11.07 (4.25)
angry, scared
75.27 (27.92)
not visible)

-0.3451
(0.1353)

69.38 (11)
months

Developmental age
(French BrunetLezine scale, 1951):
40.53 (13.6) months

69.38 (11)
months

Developmental age
(French BrunetLezine scale, 1951):
40.53 (13.6) months

69.38 (11)
months

Developmental age
(French BrunetLezine scale, 1951):
40.53 (13.6) months

18a

18b

Gepner , Dereulle &
Grynfeltt, 2001

Gepner , Dereulle &
Grynfeltt, 2001

13

13

autism

autism

18c

*Gepner , Dereulle &
Grynfeltt, 2001

19

*Gepner, de Gelder & de
Schonen 1996 (task 3b)

7 (4)

autism

11.13 (4.8)

Verbal test: 125
(40.2) Non verbal
test: 19.41 (5.84)

19

Gepner, de Gelder & de
Schonen 1996 (task 3b)

7 (4)

autism

11.13 (4.8)

Verbal test: 125
(40.2) Non verbal
test: 19.41 (5.84)

13.8 (3.3)

VIQ: 105.04 (19.35)
NonVIQ:
107.56(10.80)
PPVT: 111.63
(19.97)

20

*Grossman & TagerFlusberg, 2008

13

25 (22)

autism

autism
ADI-R, ADOS

type

-0.4243
(0.1573)

EM

Videotaped sequences of
female’s face displaying Joy, surprise,
expressions.
sadness,
2.86 (1.51)
Dynamic face
disgust
condition

2.69 (1.49)

0.1098
(0.1541)

EM

Videotaped sequences of
female’s face displaying Joy, surprise,
expressions.
sadness,
2.61 (1.38)
Still face
disgust
condition

2.38 (1.44)

0.1579
(0.1543)

happy,surpris
e, dislike,
32.1 (6.69)
neutral

80.4 (2.6)

-8.9093
(3.1206)

happy,surpris
e, dislike,
32.1 (6.69)
neutral

75 (4.04)

-7.3353
(2.2074)

61 (18.59)

-0.7258
(0.0853)

40.7 (13.6)

40.7 (13.6)

Matched on
developmental
age

7

5.11 (1.10)

Nonverbal test: 19
(5.54)

EM

7

5.7 (2.5)

Verbal test: 131.5
(30.9)

EM

14.1 (3.0)

VIQ: 112.60
(14.58) NonVIQ:
113 (12.57) PPVT:
115.29 (9.6)

Aranging
pictures in
timeline

25 (20)

Hedge's d
(Var d)

3 (1.09)

Matched on
developmental
age

13

mean ASD
Mean
(SD)
control (SD)

EM

40.7 (13.6)

13

Emotions

Videotaped sequences of
female’s face displaying Joy, surprise,
expressions.
sadness,
2.46 (1.36)
Strob face
disgust
condition

Matched on
developmental
age

13

stimuli

Black and whit
photographs from
Campbell, Landis &
Regard, 1986
Black and whit
photographs from
Campbell, Landis &
Regard, 1986
Professional actress
portraying emotions, 6
still images were
extracted from each clip

Happy, sad,
anger, fear,
disgust

46.33
(21.12)

Autism group
Row

21

22

23

24

Study

*Grossman et al., 2000

*Hadjikhani et al., 2009

*Hobson, 1986

*Hubert et al., 2006

25

*Hubert et al., 2007

26

*Humphreys et al., 2007
experiment 1

27
28

29a

number
(males)

Diagnosis
(tools)

13 (12)

Asperger
syndrome

11 (9)

autism
spectrum
disorder
ADI-R, ADOS

30 (11)

IQ: 126 (10)

23 (18)

autism
Rutter (1974)

14.7 (30.4
mo)

Raven's matrices:
29.9 (13.5)

25.6 (9.2)

IQ: 92.2

16 (14)

19 (17)

autism
spectrum
disorder
ASSQ scale
autism,
Asperger
syndrome
ADI-R, ASSQ
scale

Mean age in
Years (SD)

Control Group
Level of function

FSIQ: 106.4 (18.423)
VIQ: 115.8 (15.627)
11.8 (3.27)
PIQ: 97.2 (21.586)

21.6 (6.1)

IQ: 83.3 (15.9)

FSIQ: 103 (15)
VIQ: 102 (14)
PIQ: 105 (15)

number
(males)

13 (12)

11 (8)

Mean age in
Years (SD)

11.5 (1.898)

Task

Level of function

type

Matched on FSIQ
and VIQ not on
EL (forced)
PIQ t (1,24)=2.039,
p< 0.10

EM

Results
mean ASD
Mean
(SD)
control (SD)

Hedge's d
(Var d)

stimuli

Emotions

Ekman facial affect set

Happy, sad,
angry, afraid,
surprised

0.750
(0.296)

0.827
(0.234)

-0.2898
(0.1555)

Bodily expressions of
emotions with actor’s
face obscured (upright
condition)

Sadness,
anger, fear

15.5 (2.7)

17.3 (1.0)

-0.8505
(0.1983)

9.782
(2.569)

-1.3695
(0.1073)

99.8 (9.1)

-0.1855
(0.1255)

31 (14)

-

23 (15)

7.3 (21 mo)

Raven's matrices:
29.4 (12.1)

EM

16 (14)

27.2 (10.6)

-

EL (forced)

Point-light displays

Surprised,
angry,
frightened,
sad, happy

Video cips showing bodily
Anger,
expressions of emotions
sadness,
5.69 (3.262)
with actor’s face
happiness,
obscured
fear
Video sequences
displaying faces of 8
Happiness /
97.9 (10.8)
actors expressing
anger
emotion

19 (17)

24.4 (8.6)

-

EL (free,
descriptive)

18

28 (10)

FSIQ: 109 (9)
VIQ: 107 (11)
PIQ: 108 (7)

El (forced)

FEEST (Young et al., 2002)
set of morphed facial
expressions

6 basic

81.19
(24.25)

94.24
(11.76)

-0.6592
(0.1113)

31.42 (25.6) 77.14 (15.4)

-2.1189
(0.1643)

20

autism
ADI-R, ADOS

24 (9)

*Jones et al, 2010

97

ADOS

15.5(5.6)

VIQ: 81.1(17.9)
PIQ: 90.6 (18.6)

55

15.5 (5.9)

VIQ: 86.3 (20.2)
PIQ: 91.5 (21.7)

EL(forced)

Ekman facial affect set

6 basic

6.99 (2.19)

7.28 (1.96)

-0.1367
(0.0286)

*Kircher, Hatri, Heekeren,
& Dziobek, 2011

15 (5)

ASD, ADI-R

31.9 (7.6)

IQ: 112.6 (11.6)

27

31.8 (7.4)

IQ: 110.1(8.7)

EL

Multifaceted Empathy
Test (MET) (Dziobek et al.
2008)

-

94 (11.9)

96.8 (4.6)

-0.3452
(0.1051)

12 (6)

autism
ADI-R, ADOS

*Lacroix et al., 2007

6.1 (1.2)

VMA: 5.8 (1.11)

12 (6)

5.7 (1.10)

VMA: 5.7 (1.10)

EL (free)

Happy, sad,
Facial expressions posed
angry, afraid,
according to standard
0.73 (0.52) 0.65 (0.43)
surprised,
facial configuration
neutral

0.1619
(0.1672)

Autism group
Row

29b

Study

Lacroix et al., 2007

number
(males)

Diagnosis
(tools)

12 (6)

autism
ADI-R, ADOS

6.1 (1.2)

VMA: 5.8 (1.11)

12 (6)

5.7 (1.10)

10.21 (2.89)

PPVT-III: 114.86
(17.15)

16 (11)

Asperger
syndrome
10.21 (2.89)
ASDS scale,
PDD checklist

PPVT-III: 114.86
(17.15)

16 (11)

29c

Lacroix et al., 2007

12 (6)

autism
ADI-R, ADOS

30a

*Linder & Rosen, 2006

14 (12)

Asperger
syndrome

30b

Linder & Rosen, 2006

14 (12)

Mean age in
Years (SD)

Control Group

6.1 (1.2)

Level of function

VMA: 5.8 (1.11)

BPVS MA: 84.1
(27.6) Raven's
matrices IQ: 118.4
(13)
BPVS MA: 84.1
(27.6) Raven's
matrices IQ: 118.4
(13)

number
(males)

Mean age in
Years (SD)

Task

Level of function

type

stimuli

Results
Emotions

mean ASD
Mean
(SD)
control (SD)

Hedge's d
(Var d)

EM

Happy, sad,
Facial expressions posed
angry, afraid,
according to standard
0.71 (0.19) 0.75 (0.26)
surprised,
facial configuration
neutral

-0.1696
(0.1673)

VMA: 5.7 (1.10)

EL (forced)

Happy, sad,
Facial expressions posed
angry, afraid,
according to standard
0.8 (0.19) 0.88 (0.18)
surprised,
facial configuration
neutral

-0.4174
(0.1703)

10.19 (3.12)

PPVT-III: 117.31
(14.30)

EM

10.19 (3.12)

PPVT-III: 117.31
(14.30)

EM

10 (10)

26.2 (2.9)

Raven's matrices
IQ: 120.1 (8.6)

10 (10)

26.2 (2.9)

Pictures of affect laden
Raven's matrices
EM (context) context (face of child was
IQ: 120.1 (8.6)
not visible)

12 (6)

5.7 (1.10)

VMA: 5.7 (1.10)

EL (free)

Perception of Emotion
Test- (Egan, 1989)
Static facial expression

Happy, angy,
12.57 (2.62) 14.38 (1.20)
sad, neutral

-0.8851
(0.147)

Perception of Emotion
Happy, angy,
Test- (Egan, 1989)
14.21 (1.67) 15.30 (0.81)
sad, neutral
Dynamic facial expression

-0.8265
(0.1453)

31a

*Macdonald et al., 1989

10 (10)

autism

27.2 (5.6)

Ekman facial affect et

31b

Macdonald et al., 1989

10 (10)

autism

27.2 (5.6)

26.9 (7.8)

-

18

25.2 (6.5)

-

EL (forced)

Facial expressions from
Mind Reading Emotions
Library (Baron-cohen et
al., 2003)

32

*O'Connor, 2007

18

Asperger
syndrome

33a

*Ozonoff, Pennington &
Rogers, 1990

13 (9)

autism
CARS

6.24 (2.14)

Leiter IQ: 76 (20)
Non-verbal MA:
4.57 (1.43)

13 (9)

4.14 (1.49)

Leiter IQ: 114 (20)
Non-verbal MA:
4.56 (1.44)

EM (faces)

Same facial expressions

33b

Ozonoff, Pennington &
Rogers, 1990

14 (10)

autism
CARS

6.40 (2.04)

Verbal MA: 3.38
(0.39)

14 (10)

3 (0.27)

Verbal MA: 3.54
(0.51)

EM (faces)

Same facial expressions

33c

Ozonoff, Pennington &
Rogers, 1990

13 (9)

autism
CARS

6.24 (2.14)

Leiter IQ: 76 (20)
Non-verbal MA:
4.57 (1.43)

13 (9)

4.14 (1.49)

Leiter IQ: 114 (20)
Non-verbal MA:
4.56 (1.44)

ES

Facial expressions posed
according to standard
facial configuration

Happiness,
sadness,
anger, fear,
neutral
Happiness,
sadness,
anger, fear,
neutral
Happy, sad,
angry
Happiness,
sadness,
amger
Happiness,
sadness,
amger

16.2 (3.0)

19.6 (0.6)

-1.5052
(0.2566)

15.1 (3.9)

19.2 (0.6)

-1.4074
(0.2495)

92.93
(8.86)

95.53
(5.64)

-0.3423
(0.1127)

6.31 (2.10)

8.92 (2.29)

-1.1504
(0.1793)

6.57 (2.24)

6.79 (2.22)

-0.0958
(0.143)

27 (1.92)

-1.0711
(0.1759)

Happiness /
23.31 (4.31)
sadness

Autism group

Control Group

Task

Results

Row

Study

number
(males)

Diagnosis
(tools)

Mean age in
Years (SD)

Level of function

number
(males)

Mean age in
Years (SD)

Level of function

type

stimuli

Emotions

33d

Ozonoff, Pennington &
Rogers, 1990

14 (10)

autism
CARS

6.40 (2.04)

Verbal MA: 3.38
(0.39)

14 (10)

3 (0.27)

Verbal MA: 3.54
(0.51)

ES

Facial expressions posed
according to standard
facial configuration

Happiness /
sadness

33e

Ozonoff, Pennington &
Rogers, 1990

13 (9)

autism
CARS

6.24 (2.14)

Leiter IQ: 76 (20)
Non-verbal MA:
4.57 (1.43)

13 (9)

4.14 (1.49)

33f

Ozonoff, Pennington &
Rogers, 1990

14 (10)

autism
CARS

6.40 (2.04)

Verbal MA: 3.38
(0.39)

14 (10)

3 (0.27)

Leiter IQ: 114 (20)
Pictures of affect laden
Non-verbal MA: EM (context) context (face of child was
4.56 (1.44)
not visible)
Pictures of affect laden
Verbal MA: 3.54
EM (context) context (face of child was
(0.51)
not visible)

Happiness,
sadness,
amger
Happiness,
sadness,
amger

34

*Pelphrey et al., 2002

5 (5)

autism
ADI-R, ADOS

25.2

FSIQ: 100.75 (7.69)
VIQ: 117 (23.12)

5 (5)

28.20

autism
spectrum
disorder
ADI-R
autism
spectrum
disorder
ADI-R
autism
spectrum
disorder
ADI-R
autism
spectrum
disorder
ADI-R

35a

*Philip et al., 2009

23 (16)

35b

Philip et al., 2009

23 (16)

35c

Philip et al., 2009

23 (16)

35d

Philip et al., 2009

23 (16)

36a

*Piggot et al., 2004

14 (14)

autism
ADI-R, ADOSG

36b

Piggot et al., 2004

14 (14)

autism
ADI-R, ADOSG

37

*Robel et al., 2004

14

autism

32.5 (10.9)

32.5 (10.9)

32.5 (10.9)

32.5 (10.9)

FSIQ:
101.5 (18.5) VIQ:
98.2 (15.8) PIQ:
104.4 (18.6)
FSIQ:
101.5 (18.5) VIQ:
98.2 (15.8) PIQ:
104.4 (18.6)
FSIQ:
101.5 (18.5) VIQ:
98.2 (15.8) PIQ:
104.4 (18.6)
FSIQ:
101.5 (18.5) VIQ:
98.2 (15.8) PIQ:
104.4 (18.6)

13.1 (2.5)

FSIQ: 112 (15.9);
VIQ: 104 (20.3);
PIQ: 118 (13.6)

13.1 (2.5)

FSIQ: 112 (15.9);
VIQ: 104 (20.3);
PIQ: 118 (13.6)

8.44 (1.74)

VIQ: 88 (16.2);
PIQ: 95 (9.4)

23 (17)

32.4 (11.1)

23 (17)

32.4 (11.1)

23 (17)

32.4 (11.1)

23 (17)

32.4 (11.1)

14 (14)

14.4 (3.3)

14 (14)

14.4 (3.3)

20

7.9 (1.31)

-

EL (forced)

Ekman facial affect set

6 basic

FSIQ:
111.2
(8.5) VIQ:
106.8
EL (forced)
Ekman facial affect set
6 basic
(8.8) PIQ:
113.4 (10.4)
FSIQ:
111.2
Happiness,
JACFEE series
(8.5) VIQ:
106.8
anger, fear,
EL (forced) (Matsumoto and Ekman,
(8.8) PIQ:
disgust,
1988)
113.4 (10.4)
sadness
FSIQ:
111.2
Video displaying
Happiness,
(8.5) VIQ:
106.8
emotions with whole
anger, fear,
EL (forced)
(8.8) PIQ:
body movement (face not
disgust,
113.4 (10.4)
visible)
sadness
FSIQ:
111.2
Happiness,
(8.5) VIQ:
106.8
anger, fear,
EM
JACFEE series
(8.8) PIQ:
disgust,
113.4 (10.4)
sadness
FSIQ: 116 (10.5);
Fearful,
VIQ: 114 (14.2);
EL
Ekman facial affect set
surprised,
PIQ: 114 (6.3)
angry
FSIQ: 116 (10.5);
VIQ: 114 (14.2);
PIQ: 114 (6.3)

-

mean ASD
Mean
(SD)
control (SD)

Hedge's d
(Var d)

24 (4.17)

26 (2.18)

-0.5836
(0.1489)

4.92 (2.33)

8.31 (2.50)

-1.3586
(0.1893)

5.29 (2.61)

5.86 (1.75)

-0.2491
(0.144)

76 (11.53)

92.60 (8.11)

-1.5042
(0.5131)

70.74
(14.79)

88.30 (5.47)

-1.5478
(0.113)

79.61
(16.62)

91.83 (9.57)

-0.8857
(0.0955)

71.48
(15.28)

86.17 (7.18)

-1.2094
(0.1029)

83.61
(10.87)

93.09 (9.48)

-0.9136
(0.096)

69 (27)

85 (12)

-0.7435
(0.1527)

EM

Ekman facial affect set

Fearful,
surprised,
angry

76 (25)

90 (11)

-0.7038
(0.1517)

EM

The Minnesota Test of
Affective Processing

-

0.869
(0.065)

0.865
(0.076)

0 (0.1214)

Autism group
Row

Study

number
(males)

Diagnosis
(tools)
autism
spectrum
disorder
ADI-R
autism
spectrum
disorder
ADI-R

38a

*Rosset et al., 2008

20 (19)

38b

Rosset et al., 2008

20 (19)

39

*Rump et al., 2009
experiment 1

19 (14)

autism ADOSG

40

*Rutherford & Towns,
2008

11 (11)

autism
spectrum
disorder
ADOS

41

*Sawyer, Williamson &
Young, 2011

48

42

*Spezio et al., 2007

9 (9)

43a

*Tantam et al., 1989

10 (8)

Mean age in
Years (SD)

Control Group
Level of function

number
(males)

Mean age in
Years (SD)

Task

Level of function

type

Photographs of human
face, human cartoon
faces, non-human
cartoon faces
Photographs of human
face, human cartoon
faces, non-human
cartoon faces

9.4 (3.2)

MA: 8.2 (4.0)

20 (19)

-

9.4 (3.2)

MA: 8.2 (4.0)

20 (19)

9.6 (3.3)

matched on CA
and gender

EL (forced)

6.4 (0.8)

VMA: 97.89 (15.86)

18 (11)

6 (0.8)

105.61 (11.99)

EL (free)

Dynamic face stimuli
created by authors

25.8 (6.09)

FSIQ: 91.8 (14.07)
VIQ: 97.1 (18.28)
PIQ: 86.7 (12.12)

25.7 (8.87)

FSIQ: 101.1
(12.40) VIQ:
101.1 (11.77)
PIQ: 99.3 (15.03)

EL (forced)

Face photos from BaronCohen et al. (1997)

AS

21.6 (9.8)

FSIQ: 108 (17.9)
VIQ: 109 (19.2)
PIQ: 104 (18.2)

27

24 (9.2)

FSIQ: 114 (13)
VIQ: 113 (12.8)
PIQ: 111.4 (12.8)

EL

Colour photographs of
actors posing based on
Ekman faces

autism
ADI-R, ADOS

23

FSIQ: 107 VIQ: 109
PIQ: 104

10 (10)

28

12.14 (3.10)

Raven's 22.3 (7.8)
PIQ: 67.3 (20.4)
EPVT 29.1 (11)
VIQ: 42.3 (9.6)

autism

43b

Tantam et al., 1989

10 (8)

autism

12.14 (3.10)

Raven's 22.3 (7.8)
PIQ: 67.3 (20.4)
EPVT 29.1 (11)
VIQ: 42.3 (9.6)

44

*Tracy, Robins, Schriber, &
Solomon, 2011

29

ASD

11.7 (2.6)

FSIQ: 110 (21.5)
VIQ: 111 (19.6)
PIQ: 110 (18.9)

11 (11)

MA matched: 8 (4) EL (forced)

stimuli

Results
Emotions

mean ASD
Mean
(SD)
control (SD)

Hedge's d
(Var d)

Sadness,
happiness,
anger

2.7 (2.5)

3.4 (3.4)

-0.2299
(0.1007)

Sadness,
happiness,
anger

2.7 (2.5)

2.5 (2.6)

0.0769
(0.1001)

2.42 (0.59)

-1.0928
(0.1243)

88 (6)

-0.5774
(0.1894)

94.8 (7.7)

-1.189
(0.0673)

Happy, sad,
1.80 (0.52)
angry, affraid
6 basic +
distress

82 (12.8)

happy, sad,
angry, afraid,
78.6 (15.8)
surprised,
disgust

FIQ: 106 VIQ: 101
EL (forced)
PIQ: 111

Ekamn facial affect set,
"Bubles" task

Happy ,
fearful

82 (3)

80 (5)

0.4571
(0.2166)

12.19 (3.13)

Raven's 21.2 (6.9)
PIQ: 62.3 (17.5)
EPVT 46.4 (17.8)
VIQ: 56.5 (12.7)

EL (forced)
(just test 4)

Ekman facial affect set

6 basic

7.6 (4.5)

12.2 (4.7)

-0.9575
(0.2229)

10 (9)

12.19 (3.13)

Raven's 21.2 (6.9)
PIQ: 62.3 (17.5)
Odd one out
EPVT 46.4 (17.8)
VIQ: 56.5 (12.7)

Ekman facial affect set

6 basic

12.5 (5.9)

23.7 (4.6)

-2.0277
(0.3028)

31

12.3 (2.5)

UCDavis Set of Emotion
Expressions (UCDSEE;
Tracy et al.2009)

6 basic +
pride +
contempt

79 (23.7)

76 (27.4)

0.1153
(0.0669)

10 (9)

FSIQ: 119 (12.5)
VIQ: 115 (15.7)
PIQ: 113 (11.8)

EL

Autism group
Row

Study

number
(males)

Diagnosis
(tools)

42 (38)

11 HFA,
27AS, 3 PDDNOS, 1 ASD

45

*Wallace et al., 2011

46

*Wallace, Coleman &
Bailey, 2008, expt 1

26(26)

47

*Wicker et al., 2008

12 (11)

48a

48b

*Wright et al., 2008

Wright et al., 2008

35 (33)

33

autism/asper
ger
(clinician),
ADI-R
autism
spectrum
disorder

Mean age in
Years (SD)

Control Group
Level of function

FSIQ: 113.80 (16.11)
15.7 (2.79) VIQ: 112.18 (16.36)
PIQ: 110.40 (14.93)

Level of function

type

stimuli

Emotions

31 (28)

16.35(2.0)

FSIQ: 113.74
(10.94) VIQ:
111.16 (11.79)
PIQ: 112.74
(10.47)

EL

The Emotional
MultiMorph Task

6 basic

82.39
(15.88)

91.94 (9.33)

-0.6996
(0.0594)

6 basic +
neutral

70.83
(20.53)

85.83
(16.18)

-0.7991
(0.0831)

BPVS raw: 148(13)
Raven's IQ 101(18)

26(23)

32(9)

BPVS raw: 153(9)
Raven's IQ 98(12)

EL(forced)

EFAS

27 (11)

FSIQ :81.83
VIQ: 83.17
NVIQ: 81.58

14

23.4 (10)

Matched on age
not on IQ

EL (forced)

Dynamic facial
expressions

11.57 (1.94)

FSIQ: 103.86
(16.26) VIQ:
105.74 (16.31)
PIQ: 100.94
(16.39)

EL (forced)

Ekman facial affect set

-

-

Results

Mean age in
Years (SD)

31(9)

autism,
FSIQ: 104.63 (17.99)
Asperger
11.31 (2.17) VIQ: 105.66 (21.01)
syndrome
PIQ: 103.03 (16.09)
ADI-R, ADOS
autism,
Asperger
syndrome
ADI-R, ADOS

number
(males)

Task

35 (33)

33

-

-

EL (forced)

mean ASD
Mean
(SD)
control (SD)

Angry, happy 91.28 (10.8) 96.51 (9.1)

6 basic

40.26 (9.56) 41.51 (7.99)

Pictures with visual
Fear, disgust,
contextual information in
anger,
39.8 (5.53)
which Individual showed
surprise,
facial expression
sadness

39.9 (5.09)

Hedge's d
(Var d)

-0.5108
(0.1598)

-0.1403
(0.0573)

-0.0186
(0.0606)

row no Study

number
autistic

age
autistic

number
control

age control

Task

happy

sad

angry

-0.41

surprised

fearful

disgusted

-1.04

-0.76

-0.89

-1.41

-0.67

-1.15

1a

Atkinson, 2009

13

30.9

16

26.7

EL

-0.79

1b

Atkinson, 2009

13

30.9

16

26.7

EL

-1.09

2

Baron-Cohen, Spitz & Cross, 1993

15

12.6

15

4.4

EM

-0.06

0.17

3

Boraston et al., 2007 expt2b

11

36.7

9

34

EL

-0.41

-1.31

-0.57

4

Castelli, 2005 expt2

20

12.3

20

9.2

EL

0.00

0.68

0.21

0.08

-0.04

0.46

5

Corden, Chilvers & Skuse, 2008

21

33.8

21

32.1

EL

-0.58

-0.40

-0.16

-0.16

-0.93

-0.61

6

Grossman et al., 2000

13

11.8

13

11.5

EL

-0.55

-0.27

-0.56

-0.53

-0.07

7

Humphreys et al., 2007 expt 1 (unambiguous)

20

24

18

28

EL

-0.41

-0.56

-0.93

-0.54

-1.34

-0.36

8

Jones et al

97

15.5

55

15.5

EL

0.04

0.09

-0.32

-0.28

0.04

-0.30

9a

Lacroix et al., 2007

12

6.1

12

5.7

EL

0.62

0.00

-0.14

-0.16

0.06

9b

Lacroix et al., 2007

12

6.1

12

5.7

EM

-0.18

-0.88

0.16

0.38

0.17

9c

Lacroix et al., 2007

12

6.1

12

5.7

EL

-0.34

-1.04

-0.71

-0.28

-0.17

10

Linder & Rosen, 2006

14

10.21

16

10.19

EM

-0.40

-0.61

-0.75

11

O'Connor, 2007

18

26.9

18

25.2

EL

-0.33

-0.34

-0.40

12

Pelphrey et al., 2002

5

25.2

5

28.2

EL

-0.57

-0.53

-1.21

-0.46

-1.53

-0.33

13a

Philip et al., 2009

23

32.5

23

32.4

EM

0.00

-0.94

-0.67

-0.56

-0.64

13b

Philip et al., 2009

23

32.5

23

32.4

EL

-0.03

-0.56

-0.98

-0.17

-0.69

13c

Philip et al., 2009

23

32.5

23

32.4

EL

-1.23

-0.47

-0.70

-1.18

-0.88

14

Tracy, Robins, Schriber, & Solomon, 2011

29

11.7

31

12.3

EL

-0.37

-0.08

0.29

-0.32

0.06

-0.31

15

Wallace et al., 2011

42

15.7

31

16.34

EL

0.27

-0.41

-0.81

-0.24

-0.47

-0.32

16

Wallace, Coleman & Bailey, 2008 just upright faces

26

32

26

31

EL

-0.57

-1.02

-0.55

-0.72

-1.09

-0.86

Mean

-0.22

-0.33

-0.45

-0.37

-0.46

-0.40

0.00

-0.10

-0.21

-0.10

-0.20

-0.12

lower confidence limit

-0.44

-0.55

-0.68

-0.65

-0.71

-0.69

16

16

15

11

13

10

379

20.27

-0.52

upper confidence limit
Number included

21.24

-1.08

329

Paper
Adolphs, Sears, & Piven (2001)
Ashwin, Wheelwright, & Baron-Cohen (2006)
Balconi, & Carrera (2007)
Baron-Cohen et al. (1997)
Bauminger (2004)
Begeer, Terwogt, Rieffe, Stegge, Olthof, & Koot
(2010)
Begeer, Banerjee, Rieffe,Terwogt, Potharst,
Stegge, & Koot (2011)
Bormann-Kischkel, Vilsmeier & Baude (1995)
Buitelaar, & van der Weesn (1997)

Number of participants
with ASD
7
13 (expt 1)
26 (expt 2)
7
16
16
31

brief description of results

Reason for exclusion

mostly no difference

means / sd not available.

ASD worse than TD

means / sd not available.

mixed results
both groups at ceiling
subtle differences

means / sd not available.
means / sd not available.
emotion type / task

subtle differences

stimuli type / task

22 (study 1)
25 (study 2)
41

na

stimuli type / task

ASD worse than TD

20 AD; 20 PDD-NOS

mixed results

9

ASD worse than TD

14

ASD worse than TD

means / sd not available.
stimuli type / task
means / sd not available
stimuli type / task
means / sd not available
stimuli type / task

14

ASD worse than TD

stimuli type / task

Critchley, Daly, Bullmore, Williams, Van
Amelsvoort, Robertson et al. (2000)
Dalton, Holsen, Abbeduto, & Davidson (2008)
Dalton, Nacewicz, Johnstone, Schaefer,
Gernsbacher, Goldsmith, Alexander, & Davidson
(2008)
Dawson, Webb, Carver, Panagiotides, &
McPartland J (2004)
Dennis, Lockyer, & Lazenby (2000)
Golan, Baron-Cohen, & Golan (2008)
Golan, Baron-Cohen, Hill, & Golan (2006)

8
23
22

significant difference in N300 to
fearful vs neutral faces
ASD worse than TD
ASD worse than TD
ASD worse than TD

Gross (2004)

27

ASD worse than TD

Gross (2005)

24

ASD worse than TD

Harris, & Lindell (2011)
Heerey, Keltner, & Capps (2003)
Hertzig, Snow, & Sherman (1989)
Howard et al. 2000

127
25
18
10

na
no group differences
na
ASD only worse at fear

Joseph, Ehrman, McNally, & Keehn (2008)

20

subtle differences

Kamio, Wolf, & Fein (2006)
Kamio, & Toichi (1998)
Kätsyri, Saalasti, Tiippana, von Wendt, & Sams
(2008)
Kikuchi, & Koga (2001)
Krysko, Kristen M, & Rutherford (2009)

16

na

20

no differences

stimuli type / task

19

ASD worse than TD

not able to find the full article
stimuli type / task

57 (26 HFA; 31 AS)

ASD worse than TD

means / sd not available.

Laine, Rauzy, Tardif, & Gepner (2011)
Losh et al. (2009)
Loveland et al. (2008)
Loveland, TunaliKotoski, Chen, et al. (1997)
McHugh, Bobarnac, & Reed (2010)

19
36
80
35
3

mixed results
ASD worse than TD
no overall group differences

stimuli type / task
means / sd not available.
means / sd not available.
means / sd not available.
sample size/no control group

Miyahara, Bray, Tsujii, Fujita, & Sugiyama (2007)

20

no overall group differences

stimuli type / task

Moore, Hobson, & Lee (1997)
Njiokiktjien, Vershoor, de Sonneville,Huyser, Op
het Veld, & Toorenaar (2001)
Nueman, Spezio, Piven & Adolphs (2006)
O'Connor, Hamm & Kirk, 2005
Ozonoff, Pennington, & Rogers (1991)
Ozonoff, Rogers, & Pennington (1991)
Prior, Dahlstrom, & Squires (1990)

13

ASD worse than TD
emotion recognition deficits in all
three participants
no group differences
mixed results
no significant difference
ASD worse than TD
no group differences
ASD worse than TD at
recognition of own emotions
subtle differences
ASD worse than Williams
syndrome for upright faces,
opposite pattern for inverted
faces
ASD different to TD
significant improvements in
emotional recognition after
training
no significant impairment in
emotion recognition

stimuli type / task

Kuusikko, Haapsamo, Jansson-Verkasalo, Hurtig,
Mattila, Ebeling, Jussila, Bölte, & Moilanen (2009)

29

3
10
15
23
13
20

Riefe, Tervogt, & Kotronopoulou (2007)

22

Rieffe, Meerum Terwogt, & Stockmann(2000)

23

Rose, Lincoln, Lai, Ene, Searcy, & Bellugi (2007)

16

Rutherford, & McIntosh (2007)

10

Ryan, & Charragáin, (2010)

20

Shamay-Tsoory, Tomer, Yaniv, & Aharon-Peretz
(2002)

2

stimuli type / task
emotion type / task
emotion type / task
emotion type / task
stimuli type / task
control groups
means / sd not available
stimuli type / task
control groups
means / sd not available
sample
means / sd not available.
stimuli type / task
means / sd not available.
stimuli type / task
means / sd not available
stimuli type / task
not able to find the full article

sample size/no control group
means / sd not available.
means / sd not available.
emotion type
emotion type
means / sd not available.
stimuli type / task
stimuli type / task
stimuli type / task
stimuli type / task
no control group
sample size/no control group

Paper
Shamay-Tsoory (2008)
Tardiff et al. (2007)

Number of participants
with ASD
18
12

brief description of results

Reason for exclusion

ASD worse than TD
ASD worse than TD
more impairments in ASD
indivuduals with lower social
inteligence

emotion type
means / sd not available.

Teunisse, & de Gelder (2001)

17

van der Geest, Kemner, Verbaten, & van Engeland
(2002)

17

no differences in gaze patterns

stimuli type / task

Volkmar, Sparrow,Rende, & Cohen (1989)

16

no differences in face perception

stimuli type / task

Wang, Dapretto, Hariri, Sigman, & Bookheimer
(2004 )
Wang, Lee, Sigman, & Dapretto(2007)
Wicker, Fonlupt, Hubert, Tardif, Gepner, &
Deruelle (2008)
Wong et al. 2008
Yirmiya, Sigman, Kasari, & Mundy (1992)

means / sd not available.

12

subtle differences

stimuli type / task

18

no group differences

stimuli type / task

12

no group differences

stimuli type / task

10
18

no group differences
ASD worse than TD

means / sd not available.
stimuli type / task
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