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Abstract

Williams syndrome (WS) is associated with distinct social behaviours. One component of the WS social phenotype is atypically prolonged face fixation. This behaviour co-exists with attention difficulties. Attention is multi-faceted and may impact on gaze behaviour in several ways. Four experiments assessed i) attention capture by faces, ii) interference from facial stimuli, iii) face bias, and iv) attention disengagement. Individuals with WS were compared to typically developing participants of comparable nonverbal ability and chronological age. The first three experiments revealed no atypicality of attention to faces in WS. However, in experiment 4 there was a suggestion that individuals with WS (compared to those developing typically) found it much more time consuming to disengage from faces than objects. The results are discussed in terms of attention abnormalities and possible face disengagement difficulties in WS. 
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Attention to Faces in Williams syndrome

For typically developing individuals faces capture attention over other kinds of visual objects (Theeuwes & van der Stigchel, 2006). It has been proposed that this attention capture occurs ‘pre-attentively’, in a manner different to that shown by other objects (Purcell & Stewart, 1986). A variety of studies suggest that faces capture attention because of their social relevance (Vuilleumier, 2000) or ‘special status’ (Ro, Russell, & Lavie, 2001) which allows them priority when competing for restricted attentional resources. Indeed the high priority given to faces is likely to be entwined in their critical role during social communication. During social interactions we must not only process facial identity to determine whether someone is familiar or unfamiliar to us, we must also decipher a range of communicative signals. So in typical development the majority of research is consistent with the idea that faces, compared to objects, have enhanced attention capturing properties (Hershler & Hochstein, 2005; Kuehn & Jolicoeur, 1994; Theeuwes & van der Stigchel, 2006). 

Bindemann, Burton, Langton, Schweinberger and Doherty (2007; experiment 1a) assessed ‘face bias’ in typical adults.  Targets appeared in a location previously cued by either a face or an object and adults were faster to respond to the location of the target when it was cued by a face than when cued by an object. The authors concluded that faces engaged attention more than objects, corroborating existing research on face bias effects (e.g., Ro et al., 2001; Theeuwes & Van der Stigchel, 2006). Once faces have captured attention they are also likely to hold attention and delay responses to other types of information (Bindemann, Burton, Hooge, Jenkins, & de Haan, 2005). Recent research involving typically developed adults suggests that face bias may cause a level of interference if other types of information need to be processed. In this manner, faces not only capture and subsequently hold attention when they need to be processed for functional reasons, but faces can also cause interference when they are non-functional. Langton, Law, Burton and Schweinberger (2008; experiment 1a) examined whether faces captured attention when they were not relevant to task completion. In a visual search task participants were required to detect the presence or absence of a butterfly target. However, half the trials included a face as one of the distracters. Face presence significantly slowed response times when detecting the target butterfly. Langton and colleagues suggested that faces captured attention and directed processing resources to their location, slowing the search for a present butterfly target. Therefore while faces are able to cue attention, the presence of a face may also interfere with the processing of other information.

There may be some populations where attention to faces appears atypical and we use the genetic disorder Williams syndrome (WS) to explore attention to face and non-face information in this study. The aim is to understand the role of attention mechanisms in a population characterised by atypicalities of attention to faces. WS is caused by the deletion of approximately 25 genes on chromosome 7 (7q11.13; Donnai & Karmiloff-Smith, 2000) and has a prevalence of approximately 1:20,000 (Morris Demsey, Leonard, Dilts, & Blackburn, 1988), although some researchers have estimated the prevalence as high as 1 in 7,500 (Strømm, Bjømstad, & Ramstad, 2002). Alongside a distinct cognitive profile of relative strengths (language skills) and relative weaknesses (visuo-spatial skills; Bellugi, Lichtenberger, Mills, Galaburda, & Korenberg, 1999), the disorder is associated with subtle atypicalities of social behaviour. The WS social phenotype is defined by ‘hypersociability’ (Jones et al, 2000; Doyle, Bellugi, Korenberg, & Graham, 2004) or a ‘pro-social drive’ (Frigerio et al., 2006). Individuals are often characterised as overfriendly and unreserved with both familiar and unfamiliar people (Gosch & Pankau, 1997) and during social interactions have been found to hold prolonged face gaze (Mervis et al., 2003). Recent eye tracking research has supported the notion of prolonged fixation on faces, showing atypically prolonged gaze to face regions within scenes and movies (Riby & Hancock, 2008, 2009a). Interestingly, eye tracking research has shown that hidden faces are not found / fixated at a faster rate than seen in typical development (Riby & Hancock, 2009b). It is possible, therefore, that faces hold attention for individuals with WS but do not preferentially grab it. However, other evidence suggests that faces do capture attention atypically in this group. Tager-Flusberg, Plesa Skwerer, Schofield, Verbalis and Simons (2007) found that compared with individuals with generalised intellectual difficulties, adolescents and adults with WS were faster to detect changes to people within a change detection task. The authors suggested that individuals with WS were more attentionally attuned to socially salient information. 

Research has also explored the role of attention disengagement from faces and this mechanism may also play a role in gaze behaviour during social interactions. Eye tracking evidence has suggested that once faces are fixated, WS individuals attend to them for longer than typically developing individuals (Riby & Hancock, 2009b). Research has suggested that frontal lobe dysfunction may contribute to gaze behaviour and the atypical social phenotype of WS (Porter, Coltheart, & Langdon, 2007). This suggestion is consistent with the notion of generalised attention modulation problems that are not restricted to socially relevant information processing and furthermore that these problems extrapolate to various domains of functioning (see Rhodes, Riby, Park, Fraser, & Campbell, 2010). Lincoln, Lai and Jones (2002) found that adolescents and adults with WS (n=3) had problems shifting attention when they were required to alternate their response within a small time window between an auditory target (a target tone) and a visual target (a coloured square). Moving down the developmental spectrum, Cornish, Scerif and Karmiloff-Smith (2007) noted that infants and toddlers with WS could be dissociated from infants with other disorders of development (specifically Fragile X syndrome) due to their problems disengaging attention from one location and shifting to another location within a visual search paradigm. Brown, Johnson, Paterson, Gilmore, Longhi and Karmiloff-Smith (2003) also found evidence of problems planning saccades and shifting attention. Infants also show attention shifting difficulties during triadic interactions, relating attention skills to social cognition (see Laing et al., 2002). It seems likely that problems modulating attention exist throughout the developmental spectrum and therefore it makes sense that they may also link to gaze behaviours associated with the disorder.

The current research explores the nature of attention mechanisms to face and non-face stimuli in individuals with WS and those developing typically. The aim is to explore the possible contribution of such mechanisms to (a)typical attention to faces. For example, in much the same way that visual processes such as attention modulate social interactions for typical adults (e.g. Fox, 2005), these mechanisms are likely to be critical to the WS social phenotype.  Here we present four experiments that aim to explore components of attention to faces in WS and in typical development. To accommodate the multi-faceted nature of attention, the four experiments assess i) attention capture by faces (experiment 1), ii) interference from facial stimuli (experiment 2), iii) face bias (experiment 3), and iv) attention disengagement (experiment 4). Specific hypotheses for each experiment are introduced in turn throughout the manuscript.
General Method

Participants 

Twenty individuals with WS (9 males, 11 female) were recruited through the Williams syndrome Foundation. All participants had previously been diagnosed phenotypically by clinicians, with their diagnosis confirmed through positive fluorescent in situ hybridisation (FISH) testing in all cases.  Participants were aged between 7 years 6 months and 18 years 0 months (mean age 13 years 0 months). Each individual with WS was matched to a typically developing (TD) participant of comparable non-verbal ability (NV) according to the Ravens Coloured Progressive Matrices task (RCPM, Raven, Court, & Raven, 1990) and to a TD participant of comparable chronological age (CA). The TD participants were recruited from mainstream schools and local contacts and had no reported atypicalities of social functioning or behaviour. There was no significant difference between WS and NV matched groups on the RCPM (p=.86; WS mean 15, range 6-27; TD mean 15, range 7-27). The NV matched group was aged between 4 years 8 month and 10 years 8 months (mean age 6 years 11 months; 8 males, 12 females). There was no significant difference between the WS and CA matched groups on the basis of chronological age (p=.74). The CA matched group was aged between 7 years 3 month and 17 years 9 months (mean age 12 years 10 months; 8 males, 12 females). 

Prior to participant recruitment the research was accepted by Institutional Ethics and all work complied with the World Medical Association Helsinki Declaration (October 2008). Parent consent was provided for all individuals involved in the study and for those participants who were deemed capable participant assent was also received. Participants completed all tasks. 

Design and Materials 

Participants completed experiments assessing components of attention to face and non-face stimuli. Tasks were presented using E-Prime software and were displayed on a Dell Latitude D830 laptop computer. Reaction time and accuracy data were collected. In all experiments the participants used both hands to respond to stimuli on screen and used the two keys that were left available for use on the keyboard while all other keys were obstructed with an acetate sheet. The ‘v’ and ‘n’ keys were used throughout. Detailed instructions were provided to all participants. In all experiments participants completed 3 practice trials prior to the main experimental session.

General Procedure

Participants were testing individually in a quiet environment. Participants completed the RCPM prior to the computer-based attention experiments. Participants were sat in front of the computer with the experimenter by their side to control the laptop and provide instructions when needed. Participants were not provided with feedback during each task but were encouraged as appropriate between experiments. 

The analyses focus on the use of reaction time data. Although accuracy data were also collected, performance levels were particularly high due to the nature of experimental design (for example unlimited, self-paced task completion). Therefore, accuracy data would not provide insights into any subtle differences between groups or conditions. For all analyses, reaction times (RT) were analysed using the median for each participant in each condition and included only correct responses.

Experiment 1: Upright Face Attraction

Participants were required to detect an upright face target within an array of inverted faces. This experiment explored any atypicality in the manner of attention capture by upright faces for individuals with WS. In typical development this type of task often reveals an effortful search for an upright face, however if individuals with WS showed a different pattern (i.e. ‘pop out’ and no significant increase in reaction time as a function of set size) this would reveal an important component of attention capture. However, based on previous eye tracking research that indicated no difference in the time taken for typically developing individuals and those with WS (of comparable non-verbal ability) to detect a hidden face, we hypothesised that no difference would be evident between the WS and NV groups (see Riby & Hancock, 2009a). We also hypothesised an increase in the speed of responses with an increase in chronological age for typically developing participants and therefore we expected the CA group to perform significantly faster than the NV and WS groups.

Task Description

The aim was for participants to search for an upright face within an array of inverted faces and respond as quickly as possible to indicate if an upright face was, or was not, present. Participants were presented with a visual array (an empty grid) in rows of 3x3 squares (total 9 squares, see Figure 1a). The empty grid remained on screen for 500ms.  After this time faces appeared in 3, 6, or 9 of the grid squares (see Figure 1a for an example of set size 6). These ‘set sizes’ are referred to as small (3 item), medium (6 item), and large (9 item). The set sizes appeared in random order throughout the task. Either i) all faces were inverted or ii) one square contained an upright face and the rest contained inverted faces. Half the trials were upright face ‘present’ trials (27 trials in total) and half were upright face ‘absent’ trials. At each set size (small, medium, large) the upright face appeared once in each of the 9 locations of the grid (therefore with 9 face present trials at each set size). An equal number of upright face present and absent trials were presented at each set size. Participants completed all 54 trials, pressing a pre-determined key if the upright face was present or absent. All other keys were covered with an acetate sheet to avoid them being pressed. The face grid remained on screen until the participant made their response, thus the task was self-paced. There was a 1000ms inter-stimulus blank screen. Participants were told to respond as quickly and as accurately as possible.

All faces were taken from the neutrally expressive set of Ekman and Freisen (1976). As illustrated in Figure 1a, faces were cropped to remove external features and were converted to greyscale. For inverted faces the image was rotated 180 degrees before being entered into the grid. The identity of the upright face on the ‘present’ trials was not the same as the identity of any of the inverted faces in that trial. Nine different face identities were used (5 males, 4 female) with each identity appearing as a target once per set size. 

Results

Reaction times were analysed using an ANOVA with the between-subject factor Group (WS, NV, CA) and within-subject factors Set Size (small, medium, large) and Face Presence (yes, no). There was a significant effect of set size F(2,14)=38.79, p<.001, η2 =.41 with an increase in RT as the number of items in the array increased (see Table 1). Post hoc t tests confirmed that reaction times for the medium set size were slower than those for the small set size (medium 2260ms, small 1940ms; t(59)=6.17, p<.001) and reaction times for the large set size were slower than those for the medium set size (large 2439ms; t(59)=3.35, p<.01). There was also a significant effect of Group F(2,57)=5.14, p<.01, η2=.15. Post hoc independent sample t tests indicated that the RT difference between the WS and NV groups was not significant (WS 2464ms, NV 2188; p=.12) but the WS group was significantly slower than the CA group (CA 1986ms; t(38)=2.97, p<.01). The difference between the NV and CA groups was approaching significance t(38)=1.85, p=.07. There was no significant effect of Face Presence (p=.15).

There were no significant interactions between Set Size x Group (p=.15), Set Size x Face Presence (p=.14), Face Presence x Group (p=.66) or the three-way interaction between factors (p=.42). 
Brief Discussion

Participants searched for an upright face in an array of inverted faces. In accordance with the hypothesis, there was no significant difference between the NV and WS groups but individuals in the CA performed significantly faster than the other groups. This group difference corresponds to a general increase in reaction time with chronological age in typical development. For all groups, there was a significant increase in reaction time as a function of set size and therefore the upright face did not ‘pop out’ of the visual array (see Lewis & Edmunds, 2005). We would have been particularly interested if the face had shown ‘pop out’ for the WS group above and beyond that shown by the typically developing groups as this may have indicated an atypicality of attention capture by upright faces. 

The results do not support the proposal of increased attention capture by socially salient information proposed by Tager-Flusberg and colleagues (2007) in their change detection task. In fact compared to individuals of the same age (but not those of comparable nonverbal ability), participants with WS performed the task significantly slower. The research by Tager-Flusberg and colleagues showed whole people embedded within more natural social scenes (where participants detected changes within the image) and therefore the stimuli were very different to those used here. The increased ecological validity and the presence of the whole person (as opposed to a grey scale isolated face presented alongside inverted faces) are likely to have impacted upon the difference between findings. The current research supports the notion that when using a visual search paradigm of this nature upright faces do not show atypical attention capture for individuals with WS. Moving on to consider the attention mechanisms that may underpin the reported atypicalities of attention to faces in WS, even if faces do not capture attention in an atypical manner there may be evidence of an increased bias and interference by faces compared to other objects in this group.

Insert Figure 1

Experiment 2: Face Distraction

Experiment 2 used a visual search task to explore whether the presence of a face acted as a distraction when the face was not functional to task completion. In typical development faces can distract from the task at hand due to increased bias when compared to other objects (Langton et al., 2008). In this case face presence would slow response times to other targets. It was hypothesised that face presence would cause task interfere and that this interference would occur in typical development (CA and NV group) as well as in WS. It was specifically hypothesised that individuals with WS would show greater face interference than the NV and CA groups. The rationale for this hypothesis was that individuals with the disorder tend to show prolonged gaze towards faces (Mervis et al., 2003; Riby & Hancock, 2008) and that by doings so they may forfeit the processing of other non-face information. Due to increased attention allocated to faces seen in WS they may increase their level of task interference. Therefore, it was predicted that all groups would show an increase in reaction time for the face present (compared to face absent) trials. However, the difference between the face absent and face present conditions would be greatest for the WS group (therefore predicting a face x group interaction).

Task Description

This task was based on previous research by Langton et al. (2008; experiment 1a). The aim was for participants to detect whether a butterfly was, or was not, present in an array. Participants were presented with an empty grid of 3x3 squares. The grid remained on screen for 500ms.  After this stimuli appeared in 3 (small set size), 6 (medium set size), or 9 (large set size) of the grid squares (see Figure 1b for an example of set size 3). These set sizes appeared in random order. Either i) a butterfly was present in the array or ii) a butterfly was not present in the array. Other items within the array were non-butterfly images, which may or may not have included one face. The stimuli remained on screen until participants made their response by pressing one of two pre-determined keys. There was a 1000ms inter-stimulus blank screen. The participant was informed that the butterfly was the target and that they should try to be as fast and as accurate as possible to detect its presence / absence.
Images of 6 different butterflies were used randomly across the butterfly present trials (taken from the butterfly stimuli used by Langton et al., 2008; total of 27 trials). Six different non-face distracter objects were also used (specific objects: conch shell, flower, plant, house, globe, and fruit). The objects were used randomly across the trials, appearing equally often in butterfly present and absent trials. In 14 butterfly-present and 13 butterfly-absent trials one of the object distracters was replaced by a neutral upright face (this was to accommodate the uneven number, due to 27 trials in each of the butterfly present / absent conditions as the target appeared once in each of the 9 squares of each of the 3 set sizes). Five different faces were used randomly across the task (3 male, 2 female) and were prepared in the same manner as for Experiment 1. All stimuli were presented upright and were cropped to the appropriate size for insertion in the grid. 

Results 

An ANOVA was conducted with the within-subject factors of Face Distracter (present, absent), Set Size (small, medium, large) and Target (present, absent), and the between-subject factor Group (WS, NV, CA). We remind you that the critical component of the analysis was the hypothesised interaction between Face Distracter x Group (in that individuals with WS would be more affected by face presence than those developing typically, although all groups would, to some extent, be affected by face presence). There was a significant effect of Target F(1,57)=6.07, p<.05, η2=.10 with slower RT for target absent than target present trials (present 1686 ms, absent 1798 ms). There was a significant effect of Set Size F(2,114)=130.50, p<.001 η2=.70 as trials at the small set size were significantly faster that those for the medium set size t(59)=8.75, p<.001 (small 1453ms, medium 1749ms) which were significantly faster than those for the large set size t(59)=7.94, p<.001 (large 2024ms). There was also a significant effect of Group F(2,57)=5.46, p<.01, η2=.16. Although there was no significant difference in RT between the WS and NV groups (p=.39; WS 1915ms, NV 1789ms), the WS group performed significantly slower than the CA group t(38)=3.48, p<.01 (CA 1523ms).  The NV group also responded significantly slower than the CA group t(38)=2.60, p<.05.

The important effect of Face Presence was significant F(1,57)=42.34, p<.001 η2=.42 indicating that trials with the face distracter present (mean 1850 ms) were slower than those with the face distracter absent (1634 ms). Critically, the interaction between Face Presence and Group was not significant (p=.38). The groups were equally affected by face presence. 
There was a significant interaction between Face Presence and Target Presence F(1,57)=6.91, p<.05, η2=.12. When the face distracter was present, there was no significant difference in RT to decide whether target was present or absent (p=.56; mean target present 1831ms, target absent 1869ms). But when there was no face distracter, RT were faster for target present than absent trials (t(59)=4.25, p<.001; target present 1538ms, target absent 1728ms). However, this pattern was not consistent across groups, as indicated by the three-way interaction (Face Presence x Target x Group F(2,57)=4.88, p<.05, η2=.15). Although the WS and CA groups showed a significant interaction between Face Presence and Target (see Table 1 for the pattern of means and Figure 2 to view this interaction), the NV group did not show a significant interaction between the factors (p=.21). In the NV group, irrespective of whether a face distracter was present or not, RT were slowest in the target absent condition. All other three-way interactions and the four-way interaction between Face Presence x Target x Set Size x Group (p=.27) failed to reach significance.
Insert Figure 2

Brief Discussion

Experiment 2 explored whether face presence interfered with task performance for participants with WS more or less than was seen in typical development (NV and CA groups). Participants searched for a butterfly target in the presence or absence of a face distracter. There was a significant effect of face presence which slowed reaction times in all groups. The hypothesis that individuals with WS would show greater face interference than those developing typically was not supported. Participants with WS showed no more or less face interference than was typical. The pattern of performance replicated the findings of Langton et al. (2008) showing that even when a face was not functional for task completion, its’ presence distracted attention away from the task at hand. 

The significant three-way interaction was interestingly created by the NV matched typically developing group and the difference in the pattern of results between the NV and CA groups requires further exploration in terms of possible developmental changes. It is also not surprising that reaction times were slowed by an increase in set size and that the groups differed in their response rates. Importantly, when the face distracter was present individuals developing typically as well as those with WS showed a level of bias towards faces over common objects that caused task interference. The next experiment was specifically designed to explore this notion of face bias.

Insert Table 1

Experiment 3: Face Bias

Experiment 3 implemented a probe classification task to assess face bias in typical development and WS. The previous experiment had emphasised that, using a visual search paradigm, individuals with WS exhibited a typical level of interference from faces. This interference may be related to the bias that is given to faces within a visual environment, as seen in typical development (e.g. Bindemann et al., 2007). We hypothesised that all groups will show evidence of face bias. Based on the evidence from the previous task which indicated a typical level of face interference in WS, we predicted that individuals with WS would show no more or less face bias than seen in typically developing individuals. Reaction times will be faster for targets cued by a face than an object in all groups.

Task Description

This probe classification task assessed the ability to respond to a target item that appeared in a location previously cued by a face or a common object. If participants were faster to respond to targets appearing in the location of the face there would be evidence for attentional bias and engagement by the face cue. This methodology has previously been used with patients who have emotional disorders to assess attentional bias towards emotionally threatening stimuli (e.g. MacLeod, Mathews, & Tata, 1986). We opted for a probe classification task rather than a probe detection task to ensure that participants really were processing the target item (and had disengaged from the cue to do so) when they made their shift of attention. The aim of the task was to respond as quickly as possible and classify a target letter as ‘Z’ or ‘N’. A central fixation cross appeared on screen for 250ms. One empty square appeared on either side of the central fixation for 500ms. A cue item then appeared simultaneously in the two squares, with one containing an object and the other containing a face (see Figure 3). Five different face identities were used and 5 different objects were used equally often (flower, plant, house, globe, fruit). The face and object cues remained on screen for 250ms and then one of these cues was replaced with a target letter (the other cue was replaced by a blank square). The target letter remained on screen until the participant responded. We opted for a relatively fast presentation rate throughout the task to keep participants engaged and assess rapid shifts of attention.
Participants were instructed to attend to the central fixation and respond as quickly and as accurately as possible to classify the target letter. There was an inter-trial blank screen for 1000ms. Participants completed 3 practice trials and 40 experimental trials with the target appearing equally often behind the face (20 trials) and the object. The target appeared equally often on the left and right sides of the screen and appeared equally often as an ‘N’ and a ‘Z’.  

Results

Face bias was assessed using the method of Mogg and Bradley (1999) to assess bias to threatening and neutral faces in patients with anxiety. To create a ‘face bias’ score the mean RT when the probe was in the same location as the object was subtracted from the mean RT when the probe was in the same location as the face. If the resulting score was negative, participants showed a stronger cuing effect from a face than object. A one-way ANOVA with the variable Group (WS, NV, and CA) was used to investigate the difference between groups in the level of ‘face bias’. All groups had negative indices indicating increased bias to the face than object. There was no significant difference between groups in the level of face bias (p=.91, see Table 1).  

Brief Discussion

Experiment 3 indicated face over object bias for all groups as participants were faster to respond to a target cued by a face than cued by an object. This finding supported previous research from adults (Bindemann et al., 2007; Ro et al., 2001; Theeuwes & Van der Stigchel, 2006). Importantly, the groups showed an equivalent level of face bias as hypothesised and linking to the findings of typical face interference in Experiment 2. Experiment 3 may have suggested that face bias was at a typical level in WS but it could not reveal the component of disengagement from face or non-face stimuli.
Insert Figure 3

Experiment 4: Engaging and Disengaging Faces

Experiment 4 employed a probe classification task (similar to that used in Experiment 3) that assessed components of attention engagement and disengagement. It was predicted that attention engagement by faces would be relatively typical in the WS group. However, it was predicted that atypicalities would occur for individuals with WS when required to shift and disengage attention away from a faces as opposed an object (e.g. on incongruently cued trials). Eye tracking research has shown that once faces have captured attention individuals with WS attend to them for longer than typical (Riby & Hancock, 2009b) and individuals with the disorder have atypicalities of attention modulation (Lincoln et al., 2002). We proposed that the prolonged attention to faces reported elsewhere is linked to problems modulating and disengaging attention from faces due to their salience / role within the WS social phenotype (e.g. social stimulus attraction may guide attention allocation, Frigerio et al., 2006). Therefore in WS disengagement problems would be more exaggerated from face than object stimuli.  
Task Description

This probe classification task was similar to Experiment 3 (to remain consistent with the paradigms employed across studies) in that participants indicated whether a target letter was an ‘N’ or a ‘Z’. The task was able to assess components of attention engagement and disengagement. A central fixation cross appeared on screen for 250ms and then a square appeared on either side of the central point for 500ms. A face or an object cue then appeared in one of the squares for 250ms (see Figure 3). The cue was an object for half the trials and a face for half the trials and the cue appeared equally often on the left and right side of the screen. 

The object / face congruently or incongruently cued the location of a target which appeared as either an ‘N’ or a ‘Z’. Following the cue (presented for 250ms) the target appeared in either the left or right box. Participants pressed one of two pre-determined keys to indicate if the cue was an ‘N’ or a ‘Z’ and the target remained on screen until the response was made. Participants were instructed to attend to the central fixation and respond as quickly and as accurately as possible to classify the target letter.
Results 

To explore different attention components we calculated an effect of cue type (‘cue validity’ measure as indicated in Table 1), a measure of face ‘engagement’ and a measure of face ‘disengagement’ (the calculations for these are indicated in the key below Table 1; the procedures are based on Koster, Verschuere, Crombez, & van Damme, 2005). 
An ANOVA on the ‘Cue Validity’ data with factors Group (WS, NV, CA) and Cue (face, object) indicated that face stimuli had greater cue validity than the object stimuli F(1,57)=9.59, p<.01, η2 =.14 (face 292, object 140).  There was no significant difference between groups (p=.19) and the interaction between factors was not significant (p=.17). Faces had greater cue validity than objects for individuals developing typically as well as those with WS and that the level of cue validity was equivalent between these populations.
Using the ‘Face Engagement’ measure, a one-way ANOVA was conducted with the variable Group (WS, NV, CA). This indicated that there was no significant difference between groups in the level of face engagement (p=.27). 
On the ‘Face Disengagement’ data, a one-way ANOVA with factor Group (WS, NV, CA) indicated a trend towards significance, and a marginal Group effect on the ability to disengage from the faces compared to object stimuli (F(2,59)=3.58, p=.07; see Table 1). A post hoc independent t test indicated a significant difference between the WS and CA groups (t(38)=2.18, p<.05) and a marginal difference between the WS and NV groups (t(38)=1.88, p=.07). There was no significant difference between the two typically developing groups (p=.85). Inspection of the means in Table 1 and the marginal group effect tentatively indicate atypicality of face disengagement in WS.
Brief Discussion

Replicating the previous experiments, individuals with WS did not show atypicalities in the manner of attention engagement by faces. In WS faces held a typical level of cue validity over objects and face engagement showed no evidence of atypicality. In addition to exploring components of attention capture, experiment 4 addressed the component of disengagement when participants were required to respond to a target letter than was incongruently cued by a face or object. The results provide a preliminary and tentative suggestion that disengagement from face (as opposed to object) stimuli may be problematic for individuals with WS and may create a group difference when compared to individuals developing typically. This suggestion warrants further support across different paradigms and with a larger sample size.
General Discussion
Williams syndrome (WS) is characterised by a distinct social phenotype that is said to include increased attention to faces across the developmental spectrum. Due to co-occurring attention difficulties (Brown et al., 2003; Cornish et al., 2007; Lincoln et al., 2002; Rhodes et al., 2010) it was proposed that atypical attention mechanisms may play a role in atypical attention to faces within the WS profile. Four experiments assessed components of attention to face versus non-face objects in WS and typical development. We assessed attention capture by upright faces (experiment 1), task interference through face distraction (experiment 2), face bias (experiment 3) and engagement versus disengagement from faces and objects (experiment 4). Some of these components of attention may play a role in social attention seen in WS, in much the same way that in typical development of such processes modulate social interactions (Fox, 2005).

The results suggested that individuals with WS appeared ‘typical’ in terms of attention capture and engagement by faces (experiments 1 and 4) and also in terms of the level of interference that can be created by face presence (experiment 2) due to bias for faces over objects (experiment 3). These patterns are interesting in terms of typical attention behaviours in this group. When we moved to consider disengagement from face as opposed to object cues (experiment 4) there was a suggestion that it is here that individuals with WS may show atypicalities in their attention modulation. Individuals with WS showed an enlarged disengagement effect in that the difference between disengagement from a face as opposed to an object was extremely large compared to individuals who were developing typically. It could be suggested that individuals with WS take longer to disengage away from a face and modulate their attention to elsewhere. Indeed, the social salience of the face may be overpowering and may hold their attention. It may be here that the executive control of attention breaks down in WS in terms of modulation and attention shifting (see Rhodes et al., 2010). It is important to note however, that this effect is not indicated elsewhere across the experiments and thus the evidence for prolonged disengagement from faces in WS warrants further exploration across different paradigms, stimuli and age groups. Observation studies (Mervis et al., 2003), anecdotal reports, and eye tracking evidence (Riby & Hancock, 2008) have all suggested that individuals with WS hold prolonged face gaze during social situations and when attending to images presented on screen. The current research provides preliminary support for the idea that these characteristics are entwined with problems disengaging from faces. 
How might these attention characteristics be specific to WS, as opposed to individuals with any form of developmental disorder?  Previous research that provided the impetus for the current study suggested that individuals with autism were slower than typical to allocate attention to faces and that once a face engaged attention, it was held for less time than typical (Riby & Hancock, 2009b). Interestingly, an abundance of previous research has suggested atypicalities of attention modulation associated with autism (e.g. Landry & Bryson, 2004; Elsabbagh, Volein, Holmboe, Tucker, & Csibra, 2009 but see also Lopez, Leekam & Moore, 2000). Research by Marshall, Findlay and Leekam (2009) suggested that individuals with autism had particular attention modulation difficulties (especially disengagement) from stimuli that they were particularly interested in. Participants with autism were slower to shift attention away from stimuli of high interest compared to those of lower personal interest. This finding is particularly interesting in light of the current study. If the preliminary suggestion that face disengagement is problematic in WS can be supported in future work the result may link to the heightened interest that individuals with WS show in people and socially relevant information (e.g. Frigerio et al., 2006). This possibility warrants further work.
We can go further to explore the specificity of the current findings by the inclusion of other groups; the key candidate here is the autism. WS and autism represent two neuro-developmental disorders that are characterised by atypicalities of social behaviour; albeit very different atypicalities (e.g. see Brock et al., 2008). Data from our lab suggests that some of the patterns of attention to face and non-face stimuli seen in the current data may be specific to WS and do not extend to autism. If we take the example of face interference from experiment 2 and apply this task to individuals with autism we see a very different (and possibly syndrome-specific) pattern. In the current study individuals with WS showed no more or less face distraction than was typical. Importantly, like individuals developing typically, they were slower to respond to a present butterfly target when a face distracter was present. It is possible to match a sub-group of those individuals with WS (n=16, mean age 11 year 2 months) to a group of individuals with autism (n=16, mean age 9 years 9 months) on the basis of non-verbal ability (RCPM score; mean WS=12, mean autism=13; p=.71) to explore group differences in face distraction. Combining across the set size used here (3, 6, 9 items) we conducted a repeated measures ANOVA with factors Group (WS, Autism) and Face (present, absent) for the target present trials (where the participants is detecting the presence of the butterfly target). There was no significant effect of Face (p=.10), no significant effect of Group (p=.52) but a critical interaction between factors (F(1,30)=4.41, p<.05). Participants with WS were slower to detect the present target when the face was present compared to absent (t(15)=2.45, p<.05; face present  2016ms, face absent 1708ms) but individuals with autism were not affected by face presence (p=.76; face present 1725ms, face absent 1757ms). This result suggests that, unlike individuals with WS, those with autism are not distracted by faces and this links to the suggestion that individuals do not spontaneously orient towards faces over objects (e.g. Klin et al., 2002). It could be hypothesised that the differences between individuals with WS and autism in terms of face distraction extrapolate to other components of attention. This has wider implications for understanding syndrome-specificity of attention atypicalities. 

Further research would benefit from exploring the components of attention assessed here across a wider developmental spectrum of individuals with WS and using different paradigms to probe these components of attention. It is highly likely that attention difficulties of this nature exist across the age spectrum; due to reports of attention problems in infants (Cornish et al., 2007) including prolonged gaze to faces (Mervis et al., 2003) and similar issues reported for adults (Lincoln et al., 2002; Riby & Hancock, 2008). Furthermore, an exploration of heterogeneity of these issues within WS is warranted in terms of relating experimental indices of performance to everyday behaviours. Social skills training programs may benefit from increased focus on training in the use of attention skills more generally and this may link to a thorough assessment of executive control skills (e.g. see Rhodes et al., 2010). If an individual with WS has to shift attention away from the face of a person they are interacting with to process other information within the environment difficulties of disengagement may interfere with their behaviour. This may be especially important if individuals with WS show behaviours associated with other disorders known to impact upon the control of attention. For example, although none of the participants included here had a confirmed co-morbid diagnosis of ADHD, it has been suggested elsewhere that individuals with WS may show as severe problems with behaviours associated with ADHD as those with a core diagnosis of the disorder (e.g. Rhodes, Riby, Matthews & Coghill, in press). A complete assessment of the interplay between attention modulation (perhaps through the consideration of executive control mechanisms) and the range of social behaviours or atypicalities of gaze behaviour that an individual shows in their everyday behaviour is clearly warranted to take forward the suggestions made here.
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Table 1: Reaction times (standard deviation) as a factor of task and group membership (Experiments 1-4)

	
	WS
	Typical Development 

	
	
	NV matches
	CA matches

	Upright Face Attraction


	
	
	

	Target present set size 3
	2230 (887)
	1837 (379)
	1702 (299)

	Target present set size 6
	2295 (617)
	2195 (579)
	1976 (443)

	Target present set size 9
	2631 (832)
	2493 (581)
	2183 (429)

	Target absent  set size 3
	2222 (891)
	1923 (519)
	1732 (323)

	Target absent  set size 6
	2621 (728)
	2392 (472)
	2081 (447)

	Target absent  set size 9
	2786 (1027)
	2300 (625)
	2241 (704)

	
	
	
	

	Face Distraction


	
	
	

	Target present, face present
	2028 (722)
	1814 (442)
	1651 (265)

	Target present, face absent
	1661 (463)
	1579 (384)
	1378 (237)

	Target absent, face present
	2001 (534)
	2043 (603)
	1564 (257)

	Target absent, face absent
	1969 (607)
	1717 (373)
	1497 (241)

	Face Bias


	
	
	

	Target in Face location
	1307 (184)
	1370 (182)
	1311 (181)

	Target in Object location
	1380 (198)
	1432 (194)
	1390 (174)

	Face Bias value 
	-73.48 (164)
	-62.14 (151)
	-78.88 (158)

	Engaging &  Disengaging


	
	
	

	Cue valid
	
	
	

	     Face
	1114 (313)
	1132 (250)
	1080 (104)

	     Object
	1142 (343)
	1233 (352)
	1138(112)

	Cue invalid
	
	
	

	     Face
	1524 (376)
	1398 (371)
	1281 (199)

	     Object
	1287 (409)
	1346 (312)
	1246 (171)

	Cue Validity*
	
	
	

	     Face
	-410 (317)
	-265 (304)
	-200 (214)

	     Object
	-155 (243)
	-113 (283)
	-108 (217) 

	Face Engagement +
	29 (137)
	101 (180)
	57 (135)

	Face Disengagement ^
	236 (277)
	52 (237)
	34 (180)


Caption for Table 1

* Cue validity is assessed by subtracting RT for incongruent trials from RT for congruent trials of the same stimuli type. Negative values indicate that trials are faster for congruent than incongruent trials. 

+ Face Engagement measure is calculated by subtracting congruent RT for faces from congruent RT for objects. The positive value indicates that RT for congruent face trials is shorter / faster than those for congruent object trials.

^ Face Disengagement is calculated by subtracting the RT for incongruent object trials from the RT for incongruent face trials. A positive value indicates that the RT for an incongruent face trial is longer than that for an incongruent object trial. Therefore attention is less easily disengaged from the faces.

Figure Caption Sheet:

Figure 1: Stimuli examples for a) Experiment 1set size 6 upright face present and b) Experiment 2 set size 3 butterfly target present with face distracter present.

Figure 2: Reactions times as a function of target presence and face presence across groups. These data illustrate the significant interaction between face presence, target presence and group.
Figure 3: Stimuli examples for a) Experiment 3 face cue trial and b) Experiment 4 invalid face cue trial.
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