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Abstract
Facial expression recognition was investigated in twenty males with High Functioning
Autism (HFA) or Asperger syndrome (AS), compared to typically developing individuals
matched for chronological age (TD CA group) and verbal and non-verbal ability (TD V/NV
group). This was the first study to employ a visual search, “face in the crowd” paradigm with
a HFA/ AS group, which explored responses to numerous facial expressions using real-face
stimuli. Results showed slower response times for processing fear, anger and sad expressions
in the HFA/AS group, relative to the TD CA group, but not the TD V/NV group. Reponses to
happy, disgust and surprise expressions showed no group differences. Results are discussed
with reference to the amygdala theory of autism.
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Visual search for basic emotional expressions in autism; impaired processing of anger, fear
and sadness, but a typical happy face advantage.
Autism Spectrum Disorder (ASD) is a pervasive developmental disorder, affecting
approximately 1% of the population (Baird et al., 2006) with a sex distribution ranging from
4:1 to 16:1 male to female. It is characterised by a triad of impairments in language,
imagination and social interaction (APA, 1994). In addition, facial expression processing is
atypical in ASD (Annaz, Karmiloff-Smith, Johnson & Thomas, 2009; Grice et al., 2001;
Hobson, 1986a, 1986b; Baron-Cohen, Wheelwright, Skinner, Martin & Clubley, 2001). Due
to the social significance of facial expressions in communicating the outcome of social
interactions, it is thought that impaired face processing skills contribute strongly to the
characteristic weaknesses in social interaction observed in ASD. The current paper explores
facial expression processing in individuals who fall within the autistic spectrum, namely
those with High Functioning Autism (HFA) or Asperger syndrome (AS).
This study employed a visual search “face in the crowd” task design. In this type of
design participants are presented with an array of faces and asked to determine whether a
target face is present or not. In a pioneering study, Hansen and Hansen (1988) reported that,
in the typical population, angry faces are detected more quickly and accurately than happy
faces; the Anger Superiority Effect (ASE). This is thought to reflect an evolutionary measure
which accelerates the identification of threatening stimuli and is associated with activation of
the amygdala (Fox et al., 2000). However, subsequent studies do not consistently replicate
the ASE (e.g. Horstmann, 2009; Juth et al., 2005; Purcell, Stewart & Skov, 1996), with a
number of studies showing a happy face advantage (e.g. Eastwood, Smilek & Merikle, 2003).
On reviewing this literature, the ASE is more often reported when the faces employed are
schematic faces (e.g. Ashwin, Wheelwright & Baron-Cohen, 2006a; Calvo et al., 2006;
Horstmann, 2009; Juth et al., 2005, exp 1) as opposed to real faces, where a happy face
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advantage is most often observed (e.g. Calvo & Nummenmaa, 2008; Juth et al., 2005, exp 5).
These inconsistencies have been explored in relation to the relative input of emotional vs.
perceptual comparisons across faces (Frischen, Eastwood & Smilek, 2008; Horstman, 2009;
Juth et al., 2005). For example, the happy face advantage seems to involve an interplay
between emotional and perceptual factors. For real face stimuli the mouth is a perceptually
salient feature particularly if it is showing teeth (which introduces a high luminance contrast)
(Frischen et al., 2008), whilst the advantage for recognition of positive words and smells
demonstrates additional impact on account of emotional salience (see Juth et al., 2005).
Despite the above inconsistencies in response patterns, there is a clear consistency
that the visual system is differentially sensitive to emotions, and that visual search is sensitive
to differences in emotional expression (see Frischen et al., 2008 for a review). This study
employs visual search in order to explore facial expression processing in HFA/AS. Visual
search ability is an area of proficiency within ASD (e.g. O‟Riordan & Plaisted, 2001), which
makes it an appropriate experimental design for capturing atypical patterns of expression
recognition performance in our HFA/AS group should they exist.
In light of the link between the detection of threat and the amygdala in the typical
population (Fox et al., 2000), facial expression processing is an ideal forum in which to
assess the amygdala theory of autism (Baron-Cohen et al., 2000). In reference to impairments
in „social intelligence‟ observed in ASD, the amygdala theory proposes that the amygdala is
one of a number of atypical brain regions in individuals with ASD (Baron-Cohen et al.,
2000). In the typical population, amygdala activation is reported for detection of fearful
expressions (Ashwin, Baron-Cohen, Wheelwright, O‟Riordan & Bullmore, 2007), but has
also been reported for other negative or threat related emotions, such as anger and sadness
(Adolphs, 1999). Individuals with ASD have been shown to have reduced amygdala volume
(Abell et al., 1999) as well as reduced amygdala activation relative to typically developing
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control participants when asked to judge the valence of fearful or angry faces (Ashwin et al.,
2007; Baron Cohen et al., 2000; Critchley et al, 2000).
Behaviourally, only two studies have explored face expression processing in ASD
using visual search. These studies have focused on determining whether individuals with
ASD demonstrate an ASE, and so have only employed angry, happy and neutral expressions
(Ashwin et al., 2006a; Krysko & Rutherford, 2009). Ashwin et al. (2006a) presented adults
with HFA\AS and typically developing adult controls with a matrix of schematic line drawn
faces that contained a single target (happy or angry) among neutral faces or the other
emotional face. Both groups demonstrated an ASE, and there was some evidence that the
HFA/AS group were less efficient than the control group at detecting angry faces (i.e. in their
Experiment 2, but not Experiment 3). Krysko and Rutherford (2009) digitally modified real
faces such that their stimuli only showed pixels that belonged to eye, eyebrow, mouth, nose
and cheek regions. Happy or angry target faces were presented among neutral distracter
faces. Results showed poorer overall accuracy for adults with HFA relative to typically
developing adults and a comparable ASE for RT and accuracy data in both groups. Although
not supported by significant interactions, the authors point out that the ASE was stronger for
small than large display sizes (4 vs. 12 distracters) in the HFA group only.
The above two studies, therefore, show limited support for an atypical ASE in ASD. To
explore whether this reflected the stimuli employed, the current study employed real face stimuli
without any pixel reduction. This is based on evidence from adults with ASD for impaired expression
processing of real-face stimuli showing negative emotions, on face expression identification tasks
(participants identify the expression of a singly presented real-face) (Ashwin, Chapman, Colle &

Baron-Cohen, 2006b; Boraston, Blakemore, Chilvers & Skuse, 2007; Humphreys, Minshew,
Leonard & Behrmann, 2007; Wallace, Coleman & Bailey, 2008). Interestingly, this appears
to be a developmental effect as children with ASD do not show an atypical profile of
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expression recognition on this kind of task (Castelli, 2005; Ozonoff, Pennington & Rogers,
1991).
Whilst previous studies of visual search for facial expressions in ASD have employed just
two emotions, happy and angry (Ashwin et al., 2006a; Krysko & Rutherford, 2009), we used
visual search to investigate the speed and accuracy of processing six emotions (happiness, sadness,
anger, fear, surprise, disgust) of standardised real face stimuli developed by Vanger, Hoenlinger and
Haken (1998). The study focused on children and adolescents with HFA/AS. As visual search is
particularly sensitive to differentiating between facial expressions (Frischen et al., 2008), we argue
that this measure provides a stronger possibility of capturing any atypical patterns present in children
and adolescents with HFA/AS should they exist. If amygdala dysfunction is a feature of children and
adolescents with HFA/AS, we expected to minimally see impaired performance (longer response
times and possibly increased error rates) in trials containing the socially threatening targets fear and
anger, possibly extending to sadness and disgust, as these are also negative emotions. Any advantage
for search for happy faces was not predicted to differentiate across groups. As we used real faces
rather than schematic faces, based on the literature on the typical population, we did not necessarily
predict an ASE, but predicted that the profile of abilities in the typical control groups would
differentiate anger (and possibly all negative emotions) from positive emotions.

Method
Participants
Three groups of right-handed males (N=60) were recruited from local mainstream
schools, specialist ASD units and branches of the National Autistic Society. All participants
were assessed for Verbal ability using the British Picture Vocabulary Scale-second edition
(BPVS II; Dunn et al, 1997), and for non-verbal ability using Ravens Coloured Progressive
Matrices (RCPM; Raven, 1998). The experimental group comprised 20 males, all of whom
had been clinically diagnosed with HFA/AS according to DSM-IV criteria, with no comorbid Axis 1 or 2 disorders. Two typically developing control groups were recruited. The
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first was individually matched to the HFA/AS group by chronological age (henceforth
referred to as TD CA) and the second control group (henceforth referred to as TD V/NV),
were individually matched by verbal and non-verbal ability using raw scores on the BPVS
and RCPM. Participant details are shown in Table 1.
[Table 1 about here]
Design and Procedure
As individuals with AS/ASD show impaired gender perception (Njiokiktjien et al,
2001; Deruelle et al, 2004), only male images were employed, to avoid the introduction of a
potential confound. The facial images employed were from the image set created by Vanger
et al. (1998) (see Figure 2), used with the authors‟ permission. These were created using the
photos of ten male participants who were instructed by trained facial action coding system (FACS)
coders to produce six emotional faces and a neutral face (FACS codes discrete facial muscular
movements to facial expression; Ekman & Friesen, 1976). Twenty-nine reference points from the
participants‟ faces were recorded and averaged for each expression in order to create a “facial
stencil”. Each face was then digitally distorted to match the stencil creating prototypes with facial
features that have identical dimensions, as shown in Figure 1. This process significantly mutes the
idiosyncrasies of the human face, whilst still producing natural looking images that conform to FACS
guidelines. Use of such prototypes addresses existing validity problems providing improved internal
validity than would be achieved if we were to incorporate photographic stimuli.

Facial images were arranged in a 3 by 3 formation to create each stimulus matrix.
Each matrix contained one target emotional expression, one distracter emotional expression
and seven distracter neutral expressions (see Figure 3). On account of the atypical population
being assessed, we chose to use a methodology in which participants were required to look
for a specific emotion (cf. Horstmann, 2009), rather than to detect an odd-one-out. The
distracter emotion was therefore included to ensure procedural consistency across
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participants. It also increased the sensitivity of the task, such that detection of more salient
emotions would be less affected by a distracter emotion than less salient emotions. Thirty
matrices were created in total (6 target emotions x 5 distracter emotions) and the position of
target, distracter and neutral faces was randomised across trials.
[Figures 1, 2 and 3 about here]

A small pilot study was carried out to compare responses to the prototypical faces
(Figres 2 and 3) to the standardised Ekman faces (Ekman & Friesen, 1976). Three
participants were recruited, one diagnosed with AS, and the other two selected as to be close
chronological age matches. Two sets of 15 expression matrices were created as described
above, one utilising Ekman faces and the other using Vanger et al. (1998) prototypical
expressions. Both stimuli sets were presented to each of the participants in turn, and reaction
times and accuracy were recorded. Accuracy rates were higher for the prototypical stimuli
(100%) than for the Ekman faces stimuli (94%). Also noted was a steadily decreasing
reaction time trend across the first 10 trials. Accordingly, 10 practice trials were employed in
the experimental study.
For the experimental study, stimuli were presented on a laptop with a 15” TFT XGA
screen (1024x768 pixels, 72dpi resolution) in 24-bit gray-scale colour format, using
SuperLab and participants were seated approximately 50cm from the laptop screen. To
ensure baseline recognition of each emotion a preliminary emotion recognition task was
conducted; participants were required to identify each emotional face from a matrix. This
produced high accuracy akin to the pilot study. Incorrect responses were discussed with the
children.
The experiment consisted of ten practise trials followed by two randomised blocks of
the 30 experimental trials (60 experimental trials in total). Participants were instructed that,
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on hearing the name of an emotion (presented as audio recordings of the male experimenter:
WAV digital audio files, 52kbps, 44.1KHz sampling rate), they were required to click on the
face that displayed the named emotion, using their mouse. Accuracy and response time were
recorded by the computer. Correct responses also received visual feedback (“correct”
appeared centre screen), with no feedback provided for incorrect trials. Presentations were
displayed for a maximum of 10 seconds and a 500 ms inter-stimulus-interval (ISI)
comprising a white screen was presented between trials. Participants also completed two
standardised measures, the Raven‟s Coloured Progressive Matrices (RCPM; Raven, 1993)
and the British Picture Vocabulary Scale II (BPVS II; Dunn, Dunn, Whetton & Burley,
1997).
Results
Analysis of response times (RT)
RTs of correct response only were analysed. One participant from the ASD group
responded incorrectly to every trial with fear as a target. This empty cell was replaced with
the mean RT for the remaining 19 HFA/AS participants for this expression. Results are
shown in Figure 4.
ANOVA was carried out with target emotion (6 levels; anger, disgust, fear, happiness,
sadness, surprise) as the within-subjects factor, and group (3 levels; HFA/AS, TD CA, TD
V/NV) as the between-subjects factor. This showed a significant main effect of target
emotion (F(3.64, 207.53) = 55.91, p < 0.001, partial η2 = 0.50). Pair-wise comparison
(Bonferroni corrected) showed that this was due to significantly faster reaction times for
happy faces than for all other emotional expressions (p<.05 for all), and significantly slower
recognition of sad, fearful and angry faces than surprise, disgust and happy emotional
expressions (p<.05 for all). The main effect of group was also significant (F(2, 57) = 4.52, p
=.02, partial η2 = 0.14). Post-hoc Tukey analysis indicated that the HFA/AS participants were
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significantly slower than TD CA participants (p<.05), but not the TD V/NV control group
(p>.05) overall. The responses of the TD CA and TD V/NV groups did not differ from one
another (p>.05).
The interaction between group and target emotion was also significant (F(7.28,
207.53) = 2.45, p =0.01, partial η2 = 0.08). Further exploration revealed that the main effect
of group above was driven by a subset of emotional expressions; there was no significant
difference between groups in the perception of disgusted faces (F(2, 57) = 2.30, p > 0.05),
happy faces (F<1) or surprised faces (F<1). Significant differences between groups were
found for angry faces (F(2, 57) = 3.79, p < 0.05), fearful faces (F(2, 57) = 6.84, p < 0.01) and
sad faces (F(2, 57) = 4.60, p < 0.05). Further Tukey post hoc analysis for angry, fearful and
sad faces showed similar patterns in that the HFA/AS showed significantly longer RTs than
the TD CA group (p<.05), but not the TD V/NV group (p>.05), and that the RTs of the TD
CA and TD V/NV groups did not differ (p>.05).
[Figure 4 about here]
Analysis of errors
As visual search tasks are designed to produce no or very low numbers of errors, RT
analyses are typically most informative. However, as errors were made, performance was
compared to ceiling to determine whether analysis of error rates was justified. In the ASD
group errors were all significantly different from zero (p < 0.05) with the exception of disgust
(p=.10) and happy (p=.08). In the TD CA group performance was significantly different from
zero in each emotion (p<0.05 for all). In the TD V/NV group, performance for all emotions
was significantly different from zero (p<0.05 for all) except for happy (p=0.08). Results are
shown in Figure 5.
As ceiling effects were infrequent, ANOVA was carried out on error rates with target
emotion (6 levels; anger, disgust, fear, happiness, sadness, surprise) as the within-subjects
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factor, and group (3 levels; HFA/AS, TD CA, TD V/NV) as the between-subjects factor.
Results revealed no main effect of group (F <1). There was however a main effect of emotion
(F (3.22, 183.37) = 11.81, p < 0.001, partial ŋ2 = 0.17). Post hoc analysis (Bonferroni
corrected) revealed the least errors for responses to happy (significantly lower than anger,
fear, sad and surprise, p<.05 for all) and disgusted faces (significantly lower than anger, fear
and surprise, p<.05 for all) and the most errors for anger (significantly higher than happy and
disgust, p<.05 for both) and fear (significantly higher than happy, disgust and sad, p<.05 for
all), with intermediate and similar (p>.05) error rates for sad and surprise. No significant
emotion x group interaction was found (F (6.43, 183.37) = 1.06, p =0.39, partial ŋ2 = 0.04).
[Figure 5 about here]
Correlational analysis
Mean RT and mean error variables were calculated for each participant across the six
emotional expression variables, and their relationship to chronological age (CA), level of
verbal ability (measured by the BPVS) and level of non-verbal ability (measured by the
RCPM) determined through correlational analysis. In order to take a conservative approach,
two-tailed significance values are reported. Mean RT scores were negatively associated with
CA only for the ASD and TD V/NV groups (ASD: R= -.52, p=.02; TD V/NV: R=-.58,
p=.01), with no significant associations for the TD CA group (R= -.36, p=.12) . Mean error
scores were negatively associated with RCPM for all three groups, although only marginally
so for the ASD group (TD CA: R=-.52, p=.02; TD V/NV: R=-.51, p=.02 ASD: R=-.39,
p=.09), and also with BPVS for the TD V/NV group (R=-.68, p=.001). There were no other
significant associations.

Discussion
The present study investigated the abilities of children and adolescents with HFA/AS
to search for a target face in a crowd based on six basic emotional expressions. Results
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showed a consistent pattern across HFA/AS and TD control groups such that identification of
fear, anger and sadness target expressions was significantly slower than other emotions, with
a corresponding reduction in accuracy for searches for fear and anger. In addition,
identification of happy expressions showed the fastest responses and the least errors were
shown for detection of happy and disgust. The disadvantage for detecting anger and fear
parallels the findings of other visual search studies incorporating “real face” as opposed to
schematic stimuli (Purcell et al, 1996; Juth et al, 2005). Furthermore, due to the range of
emotions employed we were able to extend the finding to demonstrate that there is also a
happy face advantage in a visual search task, akin to that observed in face identification tasks
(e.g. Leppanen & Hietanen, 2004). This is consistent with Calvo and Nummenmaa (2008)
which is the only other study, to our knowledge, to employ a range of emotional expressions
in a „face in the crowd‟ experiment.
The groups differentiated in terms of RTs only. This was not surprising as, for visual
search, it is recognised that this is the most sensitive measure of performance. Specifically,
the participants with HFA/AS were significantly slower than the TD CA group in responding
to fear, anger and sad target expressions. Thus, for these emotional expressions, participants
with HFA/AS were slower, but not less accurate at detecting the target emotion, indicating
that although they find these emotions more difficult to detect than TD participants of the
same age, they overcome this difficulty and produce typical levels of accuracy (at least for
prototypical facial expressions) by spending more time studying the stimulus array. The
correlation between non-verbal ability and error rates for all three groups further indicates
that the HFA/AS group approached the task in a typical manner. The RT impairment in the
HFA/AS group is specific to fear, anger and sadness; for the remaining emotional
expressions, surprise, disgust and happy, individuals with HFA/AS demonstrated a typical
pattern of RTs and error rates. Taking into account the pattern of response of the TD groups,
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one could explain the group difference as an exaggerated disadvantage in detecting anger,
fear and sadness in HFA/AS. Notably, the HFA/AS group show a typical happy advantage.
This has hitherto not been demonstrated in ASD samples due to the small number of
emotional expressions employed in „face in the crowd‟ tasks.
It is important to highlight that the significant group differences in RT were shown
between HFA/AS and TD CA groups, but not between HFA/AS and TD V/NV groups. This
suggests that the deficit relates to years of experience rather than level of non-verbal ability
or level of verbal ability and is further supported by the correlational analysis which showed
that RT performance was significantly related to CA for the ASD and TD V/NV groups. The
lack of a relationship between CA and RT for the TD CA group suggests that in typical
development, at least for prototypical facial expressions, this developmental process reaches
a plateau in late childhood / adolescence, despite the fact that for individuals with HFA/AS
this skill is still developing. Typically developing children are perceptive to faces and
emotions during infancy, and knowledge of their social value develops naturally through
interactions and experience. As facial expression processing is driven by social experience,
this suggests that the relative reduction in social interaction experienced by individuals with
HFA/AS compared to the typical population has an impact on the development of their ability
to process facial expressions. As such, their RT performance is at the level of younger TD
children (the TD V/NV group). The fact that this is specific to fear, angry and sad expressions
supports the amygdala hypothesis of autism (Baron-Cohen et al., 2000).
The subtlety of the deficit observed here might explain why previous studies that have
employed children with ASD do not report an atypical profile of face expression processing
(Castelli, 2005; Ozonoff et al., 1991), whilst studies with adults do. Ozonoff et al. (1991)
employed younger children with ASD, aged 3.4 to 10.8 years. Castelli (2005) employed
participants of similar CA (mean: 12.3 years, s.d.: 2.3 years) to the participants in the current
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study, but employed verbal mental aged matched control participants only. If years of
experience is an important contributing factor, then in both of the above studies the TD
control children would not have had the opportunity to differentiate themselves from an ASD
group in the same way as has been shown in adult TD groups because their own abilities are
still developing. By including a TD group matched for CA we were able to capture the
emergence of the impairment observed in adulthood. A further possibility for the discrepant
results is that Castelli (2005) investigated facial expression recognition as opposed to visual
search. It is possible that our visual search measure was simply more sensitive to detecting
group differences.
There is some discussion over the relative inputs of perceptual discrimination and
emotional discrimination in visual search tasks (e.g. Juth et al., 2005). Juth et al. (2005) found
that angry and fearful real faces were frequently confused with one another and with neutral
faces, whereas happy faces were rarely confused with neutrality. By employing participants
who are reported to show a reduced response to threat, we were able to explore the role of
emotion, over and above the role of perception. The fact that our HFA/AS group show an
atypical response to anger, fear and sad expressions is predicted by an emotional
discrimination hypothesis, but not by a perceptual discrimination hypothesis, which would
predict, if anything, a uniform superiority across all expressions in our HFA/AS group
(individuals with ASD show evidence of enhanced perceptual discrimination abilities; e.g. O‟
Riordan & Plaisted, 2001). Thus, we can be confident that our stimuli tapped into emotion
discrimination abilities.
The happy face advantage observed is consistent with evidence for a special status of
happy expressions (Frischen et al., 2008). This is the only expression in which teeth are
clearly visible, and thus it is possible to process this stimulus by featural perceptual
processing alone. If this was the case, the characteristic featural processing bias reported in
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ASD (e.g. Happé, 1999) would predict an exaggerated happy face advantage in this group. As
this was not observed, our results suggest that the happy face advantage cannot be accounted
for by featural perceptual processing alone. It is thought that a happy face advantage relates
to our familiarity with happy expressions over other expressions, and the fact that,
developmentally, recognition of positive emotions emerges prior to negative emotions
(Sroufe, 1995). Recent meta-analysis has shown that the processing of happy faces
specifically activates the right anterior cingulate cortex (Fusar-Poli et al., 2009), an area
which shows typical activation to happy faces in ASD (Critchley et al., 2000). Thus, the
typical happy face advantage observed here in our HFA/AS group relates to the relative
frequency of social opportunities to become familiar with happy faces, and the fact that the
detection of happy faces is predominantly driven by cortical areas that are not specifically
impaired in ASD.
The relatively superior performance in recognition of disgust was not predicted. This
effect was demonstrated across all three participant groups. On observation of Figure 2, the
disgusted expression employed here involves the eyes, nose and mouth, which differentiates
it from the background neutral face considerably. This suggests that the anomalous result
might be attributed by perceptual, rather than emotional salience. As this expression is
classed as a negative emotion, one might have predicted impaired performance in the
HFA/AS group. However, meta-analysis has shown that recognition of disgust does not
involve the amygdala, but predominantly activates insular cortex (Fusar-Poli et al., 2009). In
face identification tasks, Ashwin et al. (2006b) and Wallace et al. (2008) demonstrated
relative impairments for recognition of disgust in participants with ASD compared to typical
development, whilst Humphreys et al. (2007) and Boraston et al. (2007) did not, which is
consistent with the present study. Differential brain activation for fear vs. disgust relates to
perception of threat vs. distress respectively (Fusar-Poli et al., 2009). A tentative suggestion
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is that if „disgust‟ facial expression stimuli can be interpreted as either threat or distress with
corresponding differential brain activation, dependent on the stimulus employed, this would
explain discrepancies in results.
In summary, in the first study of the ability to process a variety of facial expressions
using real-face stimuli, in the “face in the crowd” paradigm, with children and adolescents
with HFA/AS, we have shown impaired recognition for anger, fear and sadness in HFA/AS,
relative to the level expected by their chronological age. We suggest, in support of the
amygdala theory of autism, that the pattern of results reflect differential activation of social
brain areas in ASD.

Visual Search for Emotional Expressions in Autism 17
References
Abell, F., Krams, M., Ashburner, J., Passingham, R., Friston, K., Frackowiak, R., Happé,
Frith, C. & Frith, U. (1999). The neuroanatomy of autism: a voxel-based whole brain
analysis of structural scans, Neuroreport, 10, 1647-1651.
Adolphs, R. (1999). Social cognition and the human brain. Trends in Cognitive Sciences, 3,
469–479.
American Psychiatric Association. (1994). Diagnostic and statistical manual of mental
disorders (DSM-IV. Washington, DC. American Psychiatric Association.
Annaz, D., Karmiloff-Smith, A., Johnson, M. H., & Thomas, M. S. C. (2009). A crosssyndrome study of the development of holistic face recognition in children with
autism, Down Syndrome, and Williams syndrome. Journal of Experimental Child
Psychology, 102, 456-486.
Ashwin, C., Baron-Cohen, S., Wheelwright, S., O‟Riordan, M., & Bullmore, E.T. (2007).
Differential activation of the amygdala and the social brain during fearful faceprocessing in Asperger Syndrome. Neuropsychologia, 45, 2-14
Ashwin, C., Wheelwright, S., & Baron-Cohen, S (2006a). Finding a face in the crowd:
testing the anger superiority effect in Asperger syndrome. Brain and Cognition, 61, 7895
Ashwin, C., Chapman, E., Colle, L. & Baron-Cohen, S. (2006b). Impaired recognition of
negative basic emotions in autism; a test of the amygdala theory. Social neuroscience,
1, 349-363
Baird, G., Simonoff, E., Pickles, A., Chandler, S., Loucas, T., Meldrum, D. & Charman, T.
(2006). Prevalence of disorders of the autism spectrum in a population cohort of
children in South Thames: the special needs and Autism project (SNAP). The Lancet.
368, 210-215

Visual Search for Emotional Expressions in Autism 18
Baron-Cohen, S., Ring, H.A., Bullmore, E.T., Wheelwright, S., Ashwin, C., Williams, S.C.R
(2000). The amygdala theory of autism. Neuroscience and Biobehavioural Reviews, 24,
355-364
Baron-Cohen, S. Wheelwright, S., Skinner, R., Martin, J., & Clubley, E. (2001). The autism
spectrum quotient (AQ): evidence from Asperger syndrome/high-functioning autism,
males & females, scientists and mathematicians. Journal of Autism and Developmental
Disorders, 31, 5-17
Boraston, Z., Blakemore, S-J., Chilvers, R., Skuse, D. (2007). Impaired sadness recognition is
linked to social interaction deficit in autism. Neuropsychologia, 45, 1501-1510
Calvo, M. G., Avero, P., & Lundqvist, D. (2006). Facilitated detection of angry faces: Initial
orienting and processing efficiency. Cognition and Emotion, 20, 785-811.
Calvo, M. G., Nummenmaa, L. (2008). Detection of emotional faces: Salient physical
features guide effective visual search. Journal of Experimental Psychology: General
137, 471-494.
Castelli, F. (2005). Understanding emotions from standardized facial expressions in autism
and normal development. Autism, 9, 428-448
Critchley, H.D., Daly, E.M., Bullmore, E.T., Williams, S.C.R., Van Amelsvoort, T.,
Robertson, D.M., Rowe, A., Phillips, M., McAlonan, G., Howlin, P., Murphy, G,M.
(2000). The functional neuroanatomy of social behaviour. Changes in cerebral blood
flow when people with autistic disorder process facial expressions. Brain, 123, 22032212
Dunn, L.M., Dunn, L.M., Whetton, C. & Pintillie, D. (1988). British Picture Vocabulary
Scale. Windsor, UK: NFER Publishing Company.
Eastwood, J. D., Smilek, D., & Merikle, P. M. (2003). Ngative facial expression captures
attention and disrupts performance. Perception and Psychophysics, 65, 352-358.

Visual Search for Emotional Expressions in Autism 19
Ekman, P., & Friesen. W.V (1976). Pictures of Facial Affect. Palo Alto, CA : Consulting
Psychologists Press
Fox, E., Lester, V., Russo, R., Bowles, R.J., Pichler, A., Dutton, K. (2000). Facial
expressions of emotion: are angry faces detected more efficiently? Cognitive Emotion,
14, 61-92
Frischen, A., Eastwood, J. D., & Smilek, D. (2008). Visual search for faces with emotional
expressions. Psychological Bulletin, 134, 662-676.
Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surguladze, S., et al. (2009).
Functional atlas of emotional faces processing: A voxel-based meta-analysis of 105
functional magnetic resonance imaging studies. Journal of Psychiatric Neuroscience,
34, 418-432.
Grice, S. J., Spratling, M. W., Karmiloff-Smith, A., Halit, H., Csibra, G., de Haan, M., et al.
(2001). Disordered visual processing and oscillatory brain activity in autism and
williams syndrome. Neuroreport, 12, 2697-2700.
Haken, H. (2007). Department of theoretical physics and synergetics, University of Stuttgart.
personal communication
Hansen, P. & Hansen, R. (1988). Finding the face in the crowd: an anger superiority effect.
Journal of Personality and Social Psychology, 54, 917-924
Happé, F. G. E. (1999). Autism: Cognitive deficit or cognitive style? Trends in Cognitive
Sciences, 3, 216-222.
Hobson, R.P. (1986a). The autistic child‟s appraisal of expressions of emotion. Journal of
Psychological Psychiatry, 27, 231-242
Hobson, R.P. (1986b). The autistic child‟s appraisal of expressions of emotion – A further
study. Journal of Psychological Psychiatry, 27, 627-80

Visual Search for Emotional Expressions in Autism 20
Horstmann, G. (2009). Visual search for schematic affective faces: Stability and variability of
search slopes with different instances. Cognition and Emotion, 23, 355-379.
Humphreys, K., Minshew, N., Lee Leonard, G., & Behrmann, M. (2007). A fine-grained
analysis of facial expression processing in high-functioning adults with autism.
Neuropsychologia, 45, 685-695.
Juth, P., Lundqvist, D., Karlsson, A., Ohman, A. (2005). Looking for foes and friends:
perceptual and emotional factors when finding a face in the crowd. Emotion, 5, 379-395
Krysko, K. M. and M. D. Rutherford (2009). A threat-detection advantage in those with
autism spectrum disorders. Brain and Cognition, 69, 472-480.
Leppanen, J. M. and J. K. Hietanen (2004). Positive facial expressions are recognised faster
than negative facial expressions, but why? Psychological Research, 69, 22-29
Njiokiktjien, C., Verschoor, A., de Sonneville, L., Huyser, C., Veld, V.O.H. and Toorenaar,
N. (2001). Disordered recognition of facial identity and emotions in three Asperger
type autists. European Child and Adolescent Psychiatry, 10, 78-90
O'Riordan, M. and K. Plaisted (2001). Enhanced discrimination in Autism. Quarterly Journal
of Experimental Psychology A, 54, 961-979.
Ozonoff, S., Pennington, B., Rogers, S. (1991). Executive function deficits in high
functioning autistic children: relationship to theory of mind. Journal of Child
Psychology and Psychiatry, 32, 249-261
Purcell D.G., Stewart A.L., Skov R.B. (1996). It takes a confounded face to pop out of a
crowd. Perception, 25, 1091–1108.
Raven, J., Raven, J.C. and Court, J.H. (1998). Coloured Progressive Matrices. Oxford:
Oxford Psychologists Press.
Sroufe, L. A. (1995). Emotional development: The organization of emotional life in the early
years. Cambridge, UK: Cambridge University Press.

Visual Search for Emotional Expressions in Autism 21
Vanger, P., Hoenlinger, R.,& Haken, H.(1998). Computer aided generation of prototypical
facial expressions of emotion. Methods of Psychological Research Online, 3, 25-38.
Wallace, S., Coleman, M., & Bailey, A. (2008). An investigation of basic facial expression
recognition in autism spectrum disorders. Cognition and Emotion, 22, 1353-1380.

Visual Search for Emotional Expressions in Autism 22
Author Note
The authors would like to thank Chris Ashwin and Peter Hobson for useful discussion, and
Vanger, Hoenlinger and Haken for permission to use their face stimuli in this study. Thanks
also goes to the participants with HFA/AS and the typically developing participants who have
kindly participated in this study.

Correspondence concerning this article should be addressed to Emily Farran, Department of
Psychology and Human Development, Institute of Education, University of London, 25
Woburn Square, London WC1H 0AA, UK, Tel: +44(0)207 6126272, E-mail:
E.Farran@ioe.ac.uk

Visual Search for Emotional Expressions in Autism 23
Table 1: Participant details
Group

CA (years; months)

BPVS score

RCPM score

Mean (S.D.)

Mean (S.D.)

Mean (S.D.)

HFA/AS

12.33 (1.55)

113.05 (18.23)

31.05 (4.17)

TD V/NV

10.88 (1.64)

115.25 (17.59)

30.70 (3.96)

TD CA

12.31 (1.49)

130.45 (11.42)

31.00(3.11)
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Figure Captions
Figure 1*. Processing stages of facial images, a) point referencing of a subjects face, b)
adjustment of the facial image to the “stencil”, c) facial prototype produced by averaging
“stencilled” facial images depicting the same emotional expression.
Figure 2*. Prototypical male faces (Vanger et al., 1998)
Figure 3. Example stimulus matrix. a) Target: happy; Distracters: neutral and angry b)
Target: surprise; Distracters: neutral and sad
Figure 4. Response times to presentations of each target emotion: mean (s.e.)
Figure 5. Number of errors to presentations of each target emotion: mean (s.e.)

*Figures 1 and 2 reproduced with the kind permission of Hermann Haken (June 2007)
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