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Abstract Individuals with autism are impaired in the recognition of fear, which may be due to their reduced tendency to look at the eyes. Here we investigated another potential perceptual and social consequence of reduced eye fixation. The eye region of the face is critical for identifying genuine, or sincere, smiles. We therefore investigated this ability in adults with autism. We used eye-tracking to measure gaze behaviour to faces displaying posed and genuine smiles. Adults with autism were impaired on the posed/genuine smile task and looked at the eyes significantly less than did controls. Also, within the autism group, task performance correlated with social interaction ability. We conclude that reduced eye contact in autism leads to reduced ability to discriminate genuine from posed smiles with downstream effects on social interaction. Keywords Asperger syndrome  Social cognition  Face processing  Smile  Eye-tracking



Introduction Autism is a pervasive developmental disorder, characterised by verbal and non-verbal communication problems,
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difficulties with reciprocal social interactions, and unusual patterns of repetitive behaviour (DSM-IV-TR; American Psychiatric Association 2000). Many of the deficits present in autism are social in nature, and a number of experimental studies have demonstrated abnormal processing of social information, including the recognition of faces and facial expressions. For example, normal subjects find faces more difficult to recognise if they are inverted (Yin 1969; Yovel and Kanwisher 2005), whereas individuals with autism do not (Langdell 1978). These processing differences translate into performance deficits on face-related tasks, such as impaired recognition memory for faces (Langdell 1978; Klin et al. 1999), and abnormal judgements of trustworthiness from faces (Adolphs et al. 2001). Another documented deficit is in the recognition of facial expressions of emotion, in particular the detection of fear (Howard et al. 2000; Pelphrey et al. 2002). It has been suggested that this is because the identification of fear relies more heavily on the eyes than other emotions (Adolphs et al. 2005). Individuals with autism do not look at the eye region as often as normal controls when viewing images of faces (Pelphrey et al. 2002; Dalton et al. 2005, 2007) or video clips of social scenes (Klin et al. 2002). This suggests that poor performance of individuals with autism on tasks of face perception, such as recognising a fearful facial expression, might be linked to a reduced tendency to look at the eyes. The eye region is also important when identifying genuine, or sincere, smiles. In 1862 the French neurologist, Duchenne de Boulogne, showed that the critical factor in distinguishing a posed from a genuine smile is contraction of the orbicularis oculi muscle which surrounds the eye. Genuine (or ‘‘Duchenne’’) smiles are accompanied by contraction of these muscles, causing wrinkles of the skin
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in the outer corners of the eyes, known as ‘crow’s feet’ wrinkles (Hager and Ekman 1985; Ekman 1989). Hager and Ekman (1985) showed that the outer part of the orbicularis oculi muscle, which causes the crow’s feet wrinkles, is not under voluntary control, and therefore this region cannot contract in a posed smile. There is evidence that people make more and longer fixations to the crow’s feet region of happy faces than of sad or neutral faces, and thus it has been suggested that happy faces are automatically checked for the presence of the crow’s feet marker (Williams et al. 2001). The aim of the current study was to investigate the ability of adults with autism to distinguish genuine and posed smiles. At the same time, gaze behaviour in relation to the eye region and, for comparison, the mouth region of the face was monitored using an eye-tracker. We hypothesised that individuals with autism would, first, be impaired at discriminating genuine and posed smiles, and second, show a reduced tendency to look at the eye region of the face when making judgements about smiles. Furthermore, we investigated whether the ability to discriminate genuine and posed smiles was associated with social interaction impairment, as measured by the reciprocal social interaction score of the ADOS (Lord et al. 2000), in the autism group.



Method Participants We tested 18 individuals with autism (15 males) and 18 control subjects (15 males), matched for age (see Table 1). The groups were matched for verbal and performance IQ,



as measured by the Wechsler Abbreviated Scale of Intelligence (WASI). Full details of the groups are given in Table 1. All participants in the autism group had a diagnosis of autism, Asperger syndrome or autism spectrum disorder from a GP or psychiatrist. The Autism Diagnostic Observation Schedule (ADOS) (Lord et al. 2000) was administered by a researcher trained and experienced in the use of this interview, to confirm the diagnosis. In total, 10 participants met the criteria for autism, and the remaining eight for autism spectrum disorder. We were unable to distinguish between participants with Asperger syndrome and autism, as we did not have information about early development of language and other skills in our participants. All participants were screened for exclusion criteria (dyslexia, epilepsy, and any other neurological or psychiatric conditions) by self-report prior to taking part in the study. All participants gave informed consent to take part in the study, which was approved by the local ethics committee. Stimuli Stimuli were colour photographs taken from a set of male and female faces. Three photographs of each individual were used: a neutral facial expression, a genuine smile and a posed smile. Full details of the creation of the stimuli can be found in an earlier paper (Miles and Johnston 2006). In the current study, photographs of 10 female faces were used. Six of these were from a set used in previous studies (Miles and Johnston 2006; Peace et al. 2006) and the remaining four were created at a later date using the same procedure. For the purpose of this study, the photographs were close-cropped to show only the face (see Fig. 1).



Table 1 Details of participants included in the analysis of data from the behavioural and eye-tracking components of the study (ns = not significant) Behavioural experiment



Eye-tracking experiment



Autism group



Control group



N



18



Gender (M:F)



15:3



Age in years



35.4 (±12.3) 36.7 (±14.0) t(34) = 0.316 p = 0.754, 34.6 (±9.01) 39.6 (±11.1) t(20) = 0.319 p = 0.753, ns ns



Verbal IQ



117 (±11)



112 (±11)



t(34) = 1.215 p = 0.233, 118 (±11) ns



111 (±12)



t(20) = 1.412 p = 0.173, ns



Performance IQ



119 (±15)



114 (±11)



t(34) = 1.165 p = 0.252, 120 (±9) ns



113 (±9)



t(20) = 1.718 p = 0.101, ns



ADOS score (RSI subscale)



6.94 (±2.51) N/A



N/A



7.00 (±2.76) N/A



N/A



ADOS score (communication 3.72 (±1.23) N/A subscale)



N/A



3.82 (±1.08) N/A



N/A



ADOS score (total)



N/A



10.8 (±3.63) N/A



N/A
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Autism group



Control group



18



11



11



15:3



9:2



8:3



10.7 (±3.40) N/A



Group comparison



Group comparison
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and ‘posed’ (Smiles condition), or ‘smiling’ and ‘neutral’ (Control condition), which appeared on the computer screen. Participants had unlimited time in which to make a response. Prior to the experiment participants practised the task with a different set of faces.



Collection of Eye-Tracking Data



Fig. 1 Sample images of a genuine smile (left), and a posed smile (right) from the stimulus set. Gaze points that fell within the boxes were used to calculate gaze time to the eye region or the mouth region. From Miles and Johnston (2006). Adapted with permission



Procedure This experiment comprised two conditions. In the Smiles condition, participants were presented with a total of 60 faces: each of the 10 individuals in the stimulus set was shown three times with a genuine smile and three times with a posed smile. Participants were asked to make a decision about whether the smile in each photograph was real or posed. This task was described in detail and the experimenter checked that participants understood what was meant by the task. In the Control condition, participants again saw 60 faces: each individual in the stimulus set was shown three times with a smiling expression and three times with a neutral expression. Half of the smiling pictures in the control task were taken from the genuine smile set, and the other half from the posed set. Participants were asked whether the facial expression in each photograph was smiling or neutral. This control task was chosen because it involved making judgements about the same set of faces as in the Smiles condition. The order of presentation of the faces in both conditions was random, and the order in which the Smiles and Control conditions occurred was counterbalanced across participants. Participants viewed each face on a computer monitor at a distance of approximately 800 mm. The faces were scaled to the full height of the computer monitor, subtending approximately 17 degrees of visual angle. Faces were displayed for 2.5 s each, preceded by a central fixation cross of duration 1.5 s. Participants were instructed to look directly at the fixation cross while it was on the screen. In both conditions, after each face had disappeared, participants were required to make a response. Participants pressed one of two keys, corresponding to the labels ‘real’



During the task, participants’ eye movements were recorded using an ASL6000 series remote eyetracker, in conjunction with a video head tracker. The position of the participant’s pupil and corneal reflection were recorded at a rate of 50 Hz, and used to calculate the coordinates of the participant’s point of regard on the screen. To maintain the accuracy of this calculation, the eyetracker was calibrated before each condition by asking the participant to look at nine predefined points on the screen. To allow for disruptions to this calibration caused by head movements, eye position was also recorded during the display of the central fixation cross prior to each trial. Any offset of the point of regard from the fixation cross was applied to correct the data collected on the subsequent trial. Data from each trial comprised 125 coordinate pairs, detailing the position of the eye every 20 ms. First, measurements corresponding to points of regard outside the computer monitor were removed. For each face, the eye region was defined prior to data collection, by drawing a rectangular box around each eye, to include the entire eye, plus the region lateral to the eye in which ‘crows feet’ wrinkles would be found in a genuine smile. The percentage of time for which participants looked at the mouth region was calculated in the same way, by drawing a rectangular box around the mouth. Examples of these boxes are shown in Fig. 1. For each individual in the photographs, boxes were the same size in the genuine smile photograph and the posed smile photograph. Two measures of gaze behaviour were calculated: (a) Gaze time. Data from each trial were analysed to determine how many of the gaze coordinate pairs fell within the eye region of the face, indicating the percentage of the display time for which the point of regard was within this region. The same calculation was performed for the mouth region. (b) Fixations. Data from each trial were analysed to compute the number of fixations the participant made during the trial. A fixation was assumed if the eye remained within 1 degree of visual angle for at least 100 ms. The coordinates of every fixation made were recorded for each trial. The fixation points for each trial were then analysed to determine how many were to the eye region and to the mouth region of the face.
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Data Analysis For both the Smiles condition and the Control condition, scores from the two participant groups were compared using a univariate ANOVA with verbal IQ as a covariate. For the Smiles condition we measured 1-tailed significance, as our a priori hypothesis was that any difference between the two groups would arise from a deficit in performance in the autism group. Pearson’s correlation coefficient (Pearson’s r) was calculated as a measure of effect size. The two measures of gaze behaviour (gaze time and fixations) were each analysed using a mixed design repeated measures 2 9 2 ANOVA with the factors group (autism vs. control) and facial region (eye vs. mouth), using verbal IQ as a covariate. Again, Pearson’s r was calculated as a measure of effect size. Post-hoc simple-effects analyses were performed on individual contrasts for both of these measures. Throughout the analysis verbal IQ was used as the covariate rather than full-scale IQ given the large discrepancy between verbal and performance scores for some participants with autism which prevented a meaningful estimation of full-scale IQ.



effect size (r = 0.30). In contrast, scores in the Control condition were not significantly different between the two groups (F(1,35) = 0.872, p = 0.357). See Fig. 2. On both tasks, scores were similar for participants with autism and those with autism spectrum disorder (mean smiles task scores: 36.7 for autism participants, 38.8 for autism spectrum participants; mean control task scores: 57.0 for autism, 53.9 for autism spectrum). Correlation Between Task Performance and Autism Symptoms For the participants with autism, we correlated performance in the Smiles condition with the participants’ social interaction skills as assessed by the reciprocal social interaction (RSI) measure of the ADOS (Fig. 3). A Pearson test revealed a significant negative correlation between each participant’s score on the RSI scale, and his or her score in the Smiles condition (r = -0.469, p = 0.049). As a comparison, we assessed the correlation between the RSI scores and the score in the Control condition. This correlation was not significant (r = 0.087, p = 0.732).



Results



Eye-tracking Data from the Autism and Control Groups



Behavioural Data



For technical reasons, eye-tracking data were only available from a subset of these participants: 11 autistic adults and 11 control adults. Full details of the groups are given in Table 1.



For both the Smiles and Control conditions, the number of faces correctly identified out of a possible 60 was totalled for each participant. A univariate ANOVA using verbal IQ as a covariate revealed that the autism group scored significantly lower than the control group in the Smiles condition (F(1,33) = 3.537, p = 0.035, 1-tailed given our directional hypothesis). This contrast yielded a medium



Gaze Time When looking at the percentage of gaze time spent looking at the eyes or the mouth, there was no significant main effect of facial region (F(1,19) = 2.113, p = 0.162) or participant group (F(1,19) = 0.865, p = 0.364). However, there was a significant interaction between group and facial region, and the associated value of Pearson’s r indicated a large effect size (F(1,19) = 8.071, p = 0.010, r = 0.55). An analysis of simple effects revealed that this was driven primarily by the autism group spending significantly less time than the control group looking at the eye region (p = 0.033, Fig. 4). There was a trend towards individuals with autism looking more than controls at the mouth region (p = 0.065).



Fixations Fig. 2 Mean scores of the autism group and the control group in the Smiles condition (discriminating a genuine from a posed smile), and in the Control condition (discriminating a happy from a neutral face). Participants with autism scored lower than controls in the Smiles condition (p = 0.035, 1-tailed)
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For the autism and control groups, we looked at the percentage of fixations that were made to the eyes, or the mouth. A 2 9 2 ANOVA showed no significant main



J Autism Dev Disord Fig. 3 Mean score in the Smiles and Control conditions for each participant with autism plotted against his or her RSI score (a higher RSI score indicates greater social impairment), r = -0.469, p = 0.049



Fig. 4 Eyegaze data from the autism and control groups, showing the percentage of gaze time within the eye and mouth regions in the Smiles condition. There was a significant interaction between participant group and facial region (p = 0.010). An analysis of simple effects showed the autism group spent less time than controls looking at the eye region (p = 0.033). The difference for the mouth region approached significance (p = 0.065)



effect of facial region (F(1,19) = 1.302, p = 0.268) or participant group (F(1,19) = 0.922, p = 0.349). However, there was a significant interaction between region and participant group, again associated with a large effect size (F(1,19) = 6.920, p = 0.016, r = 0.52). Simple effects analysis demonstrated that the interaction was driven by the autism group making significantly fewer fixations than the control group to the eye region (p = 0.048, Fig. 5). There was also a trend towards individuals with autism making more fixations than the controls to the mouth (if an a priori direction of difference is assumed: p = 0.055, 1-tailed).



Correlation Between Task Performance and Gaze Behaviour For both participant groups, we correlated performance in the Smiles condition with the percentage of gaze time spent



Fig. 5 Eyegaze data from the autism and control groups, showing the percentage of fixations made to the eye and mouth regions in the Smiles condition. There was a significant interaction between participant group and facial region (p = 0.016). An analysis of simple effects showed the autism group made fewer fixations than controls to the eye region (p = 0.048). There was a trend towards a difference for the mouth region (p = 0.055, 1-tailed)



looking at the eye region, and the percentage of fixations that were to the eye region. A Pearson test revealed that none of these correlations was significant, for the autism group (with gaze time: r = 0.21, p [ 0.05; with fixations: r = 0.33, p [ 0.05) or for the control group (with gaze time: r = -0.25, p [ 0.05; with fixations: r = -0.21, p [ 0.05).



Discussion The first aim of this study was to investigate the ability of adults with high functioning autism to distinguish genuine and posed smiles from photographs of faces. The second aim was to investigate gaze to the eye and mouth regions of the faces during the task. The results suggest that, compared with matched controls, individuals with autism show an impairment in the discrimination of posed from genuine
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smiles, but no impairment on a control facial expression discrimination task (Fig. 2). In addition, we found that the ability to discriminate genuine and posed smiles was inversely related to the degree of social interaction impairment in the autism group (Fig. 3). Finally, the results demonstrated a different gaze and fixation pattern in the autism and control groups, with individuals with autism looking significantly less at the eye region compared to the control group (Figs. 4 and 5). The eye region is known to convey information about whether a smile is genuine or posed (Hager and Ekman 1985; Williams et al. 2001). Our eye-tracking data suggest that the impaired discrimination of smiles in the autism group might be due to their reduced tendency to look at the eyes. We found a trend towards increased fixation of the mouth region in the autism group, but the differences between the groups are not as clear as for the eyes, perhaps due to greater variability in mouth fixation behaviour in the autistic population. This variability might explain the inconsistent results of previous studies: some studies have reported increased fixation of the mouth in autism (Klin et al. 2002; Spezio et al. 2007), others have found reduced fixation (Pelphrey et al. 2002) and others no difference (Dalton et al. 2005). There are some alternative explanations for the findings reported here. First, ceiling effects in the control task might have obscured significant group differences. It proved difficult to find an ideal control task, as we wanted a task which was still social-perceptual in nature, but which did not require attention to the eyes. Second, poor performance of the autism group in the Smiles task could be due in part to factors other than a failure to look at the eyes. For example, poor performance could arise from impaired processing of subtle social information in general, rather than an impairment specific to this task. Alternatively, the difference could have been due to general difficulties with fine perceptual discrimination, as the differences between faces in this task may have been more subtle perceptually than between faces in the control task. A lack of expertise in using information from the eyes would also hinder performance, regardless of a person’s gaze behaviour. Whether this is true of individuals with autism is unclear: there is some evidence that adults with autism fail to make use of information from the eyes when identifying facial expressions (Spezio et al. 2007), but a recent study of children with autism found that they were able to use this information (Back et al. 2007). Neither of these studies looked specifically at the use of this information for identifying posed smiles. Alternatively, the key factor may not be expertise, but the strategy that individuals with autism use to recognise facial expressions. A rule-bound approach, perhaps explicitly learned, such as looking for upturned corners of the mouth to identify
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happiness, would aid performance in the control task of this study, but a rule for identifying a posed smile is less likely to have been explicitly taught, thus an individual with autism who adopted a rule-bound approach would have difficulty with unusual or subtle face-perception tasks such as the Smiles task. We did not find a direct correlation between an individual’s score on the Smiles test and his or her tendency to look at the eye region. Such a correlation would have lent weight to our proposal that this difference in gaze behaviour between the groups was responsible for the reduced task performance by the autism group. However, it is possible that the important factor is a person’s tendency to look at the eyes in general, thus gaining expertise in using information from this region. We would hypothesise that this longer-term tendency to look at the eyes would be more closely correlated with task performance, but this is not something that can be measured. The tendency to look at the eyes during this experiment is clearly related to this more general trait, but there may have been individual differences, which reduced the strength of the correlation measured. For example, someone who avoided eye contact in daily life might in contrast be amenable to looking at the eyes of a photograph, as employed in this study. It has been proposed that social information processing, including the interpretation of facial expressions, is linked to social interaction deficits in autism (Joseph and TagerFlusberg 2004). For this reason, we evaluated the correlation between an autistic participant’s score on the test, and his or her degree of reciprocal social interaction (RSI) impairment. Indeed, the results showed that those individuals who were most impaired in the recognition of genuine smiles had more deficits in the RSI domain (Fig. 3). The ability to distinguish a real from a posed smile has an obvious significance in everyday social interaction, as it is linked to the understanding of another’s mental state, perhaps even a higher-order mental state, as a posed smile can indicate the pretence of happiness or pleasure. Failure to identify these subtle facial cues could conceivably lead to difficulties in social interaction—for example, impaired judgement in social situations, or an inability to ‘take the hint’ or ‘read between the lines,’ similar to reported deficits in the interpretation of non-literal language, including irony, in autism (Happe 1993; Martin and McDonald 2004). We did not measure social interaction skills in the control group, so it is unclear whether an inability to recognise a posed smile would also impact on social interaction in individuals without autism. Sensitive measures of face-processing such as this task could be useful in the testing of relatives of autistic individuals who are often described as fitting a ‘broad autism phenotype’ (BAP)—a mild predisposition towards autistic traits, which when combined with environmental
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influences might develop into autism in some cases (for a review see Piven 2001). A recent study has shown that relatives of individuals with autism show unusual gaze patterns when viewing faces (Dalton et al. 2007), indicating that abnormal fixation patterns might form part of this BAP. An extension to the current study would be to investigate performance on this task in relatives of autistic individuals, to see if this particular impairment present in autism could form part of the BAP. In summary, the results of this study demonstrated an impaired ability in the autism group to discriminate genuine from posed smiles. Second, we found that individuals who were most impaired in the recognition of genuine smiles had more severe social interaction deficits. Finally, we found that the autism group showed reduced fixation of the eye region. We suggest that this reduced fixation to the eyes could account for the problems discriminating genuine from posed smiles in the autism group. Acknowledgments This study was funded by the Wellcome Trust and the Royal Society. ZB is funded by the Wellcome Trust Four Year PhD Programme in Neuroscience at UCL. SJB is funded by the Royal Society UK. We would like to thank Rebecca Chilvers for conducting the ADOS interviews for this study.
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