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ABSTRACT

Recent studies have produced mixed evidence of impairments in facial affect interpretation for children with Attention-Deficit/Hyperactivity Disorder (ADHD).  This study investigated the presence and nature of such impairments across different stimulus formats.  Twenty-four boys with ADHD and 24 age-matched comparison boys completed a 72-trial task that included facial expressions of happiness, sadness, fear, anger, surprise, and disgust.  Three versions of each expression were used: a static version, a dynamic version, and a dynamic version presented within a relevant situational context.  Expressions were also presented in one of two portrayal modes (cartoon versus real-life).  Results indicated significant impairments for boys with ADHD on two of the six emotions (fear and disgust), which were consistent across stimulus formats.  Directions for further research to identify mediating factors in the expression of such impairments in children with ADHD are discussed.
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Attention-Deficit/Hyperactivity Disorder (ADHD) is a behaviourally defined syndrome that is characterized by persistent and developmentally inappropriate expressions of inattention and/or hyperactivity-impulsivity (DSM-IV: American Psychiatric Association, 1994).  Three major subtypes have been identified (ADHD-Predominantly Inattentive Type, ADHD-Predominantly Hyperactive/Impulsive Type, and ADHD-Combined Type), which are distinguished by differential profiles of symptom predominance across these two domains.  While prevalence estimates vary, surveys have indicated that this disorder affects between 3 and 7% of the school-age population worldwide (Barkley, 1990).  ADHD has strong links with the oppositional/defiant and conduct disorders, with reports indicating that some 40 to 90% of children with the disorder will receive comorbid diagnoses in one of these two areas (Tannock, 1998).  A large proportion of these children have also been found to possess poor interpersonal skills, and to fail in their attempts to develop healthy relationships with parents, teachers, and peers (Melnick & Hinshaw, 2000).  Despite this, little research has been conducted to identify plausible mediators of the difficulties that children with ADHD face in social situations.
Accurate interpretations of facial expressions are deemed to be critical in the process of social interaction (Morrison & Bellack, 1981).  In this light, several researchers have suggested impairments in facial affect interpretation as a possible source of poor social competence (e.g., Simon, Rosen, Grossman, & Pratowski, 1995).  Some support for this suggestion has come from studies which have linked disorders that are typified by social skills deficits (e.g., pervasive developmental disorders, mental retardation, conduct problems, and emotional disturbances) to poor performance on facial affect recognition tasks (Braverman, Fein, Lucci, & Waterhouse, 1989; Rojahn, Lederer & Tassé, 1995; Stevens, Charman, & Blair, 2001; Walker & Leister, 1994).  Based on such findings, a number of training packages designed to improve the affect recognition skills of children from these populations have now appeared (e.g., Gaining Faces by Team Asperger, 2003).  These programs typically use facial expressions presented in a variety of portrayal modes (e.g., line drawings, cartoons, and real-life depictions) to enhance recognition of the six “core emotions” (happiness, surprise, fear, sadness, anger, and disgust) identified by Ekman (1972).
Over the past three decades, significant advances have been made in the study of the brain structures that may be involved in facial affect interpretation.  While findings for some emotions have been mixed, both neuroimaging and lesion impact studies have indicated that the interpretation of different types of affect relies on separate anatomical systems.  For example, while areas such as the left ventral prefrontal cortex, the left anterior cingulate cortex, the thalamus, and the right fusiform gyrus have been implicated in the interpretation of happiness (Dolan et al., 1996), the interpretation of anger and sadness has been posed to rely primarily on systems associated with the orbitofrontal cortex and the amygdala, respectively (Fine & Blair, 2000).  Findings for the other two negative emotions (disgust and fear) have been the most consistent, linking the interpretation of disgust to activity in the right insula and basal ganglia (Blair, Morris, Frith, Perrett, & Dolan, 1999), and the interpretation of fear to activity in the amygdala (Calder, et al., 1996).  Posamentier and Abdi (2003) also suggested the amygdala as a likely structure for the interpretation of surprise, given that this emotion can be classed as a “transitory” response that often precedes the onset of fear.
Concurrently, a substantial body of evidence has accrued on the neurological correlates of ADHD symptomatology in children, adolescents, and adults.  Results of such studies have pointed to localized abnormalities in the basal ganglia, orbitofrontal cortex, and corpus callosum as possible underlying mechanisms (Giedd, Blumenthal, Molloy, & Castellanos, 2001; Itami & Uno, 2002; Tannock, 1998).  Findings that have linked various forms of conduct problems to abnormalities in the amygdala (Blair & Coles, 2000) also suggest that children with ADHD who receive a comorbid diagnosis of conduct or oppositional defiant disorder may show signs of dysfunction in this region.  As noted previously, at least three of these areas (the basal ganglia, the amygdala, and the orbitofrontal cortex) have also been implicated in the interpretation of particular emotions.  Thus, the collective outcomes of these two bodies of research are broadly suggestive of links between affect recognition impairments and ADHD.  As this evidence is largely indirect (i.e., based on associations between the results of separate studies), however, its implications remain far from clear.  Four studies have provided empirical evidence that bears more directly on this question.
Shapiro, Hughes, August, and Bloomquist (1993) compared scores for 67 children with ADHD and 38 non-diagnosed controls (mean ages 8.94 and 8.97 years, respectively) on three facial affect recognition tasks.  While each of these tasks included examples of four types of facial affect (happiness, anger, sadness, and fear), all between-group comparisons were based on total scores collapsed across emotions.  Results indicated no overall differences in the performance of the ADHD and control groups across the three tasks.  There was, however, a significant group by age interaction effect on one task (Affect Match), indicating higher scores for controls in the 6.5-8.0 year cohort.  Comparisons of performance across the three age categories used (6.5-8.0, 8.1-9.5, and 9.6-11.0 years) also suggested ceiling effects on all three tasks, with little improvement occurring beyond age 8.  Thus, in the only cohort for whom ceiling effects were not apparent, controls significantly outperformed children with ADHD on one of the three tasks used.  Further, as noted previously, the stimulus set used in the study included only four of the six core emotions identified by Ekman (1972).  Most notably, the set did not include disgust, the one emotion that has been linked alongside ADHD with activity in the basal ganglia.  Compounded with the fact that the ADHD and control groups were compared only on the basis of total affect scores, this aspect of the design necessarily limits the generality of the study results. 
In a later study by Singh, Ellis, Winton, Singh, and Oswald (1998), 50 children (mean age 8.6 years) with ADHD matched photographs from the Ekman and Friesen (1976) Pictures of Facial Affect set to themes in emotionally provoking stories.  This set includes examples of all six core emotions identified by Ekman (1972).  The performance of children with ADHD on this task was compared with that of a non-diagnosed control group from a previous study (McAlpine, Singh, Kendall, & Ellis, 1992).  The authors concluded that, overall, the interpretations of children diagnosed with ADHD were less accurate than those of the archival control group.  In their account, Singh et al. suggested that inattention may result in increased recognition errors due to failures to attend to relevant facial cues.  It must be noted here, however, that the characteristics of the control group in the McAlpine et al. study were not clearly defined.  For example, neither report presents overall mean ages or age ranges for this group.  It is thus unclear whether the ages of the two samples were equivalent.  In light of evidence that facial affect recognition accuracy increases with age (Sonneville et al., 2002), this represents a potentially important confound in the study design.
More recently, Corbett and Glidden (2000) assessed the ability of children with ADHD to educe emotion cues both from facial expressions and from speech prosody patterns.  Participants were 37 children (age range 6 years, 8 months to 12 years, 8 months) diagnosed with ADHD and 37 controls who were matched in terms of age, gender, and socioeconomic status.  Again, slides from the Pictures of Facial Affect set (Ekman & Friesen, 1976) were used to assess participants’ ability to identify emotions in the form of facial expressions.  Results indicated significant differences in favour of controls, suggesting mild to moderate deficits in facial affect perception for children with ADHD.  Like Singh et al. (1998), the authors concluded that these impairments could reflect the operation of attentional deficits which lead to inaccurate or incomplete encoding of facial stimulus properties.  As in the Shapiro et al. (1993) study, however, all group comparisons were based on total scores collapsed across the six core emotions.  Thus, the results offer no insights into the specific types of facial affect that children with ADHD will express difficulties in processing.
Finally, Cadesky, Mota, and Schachar (2000) compared the performance of 86 children with ADHD and 27 controls (age range 7-13 years) on two facial affect tasks drawn from the Diagnostic Analysis of Non-Verbal Accuracy (DANVA: Nowicki & Duke, 1994).  As in the Shapiro et al. (1993) study, only four emotions were examined in each task: happiness, sadness, anger, and fear.  Results indicated that children with ADHD were significantly less accurate than controls in their interpretations of all emotions except anger.  Again, the authors ascribed these deficits to encoding problems brought about by inattention and impairments in other general regulatory processes.  While this study did present emotion-specific comparisons of children with ADHD and age-matched controls, results indicated significant differences in the Verbal and Performance IQs of the two groups favouring controls.  Like age, intelligence levels have been found to correlate positively with affect interpretation accuracy (Simon, Rosen, Grossman, & Pratowski, 1995).  As such, the performance differences reported in the study cannot be ascribed unequivocally to the diagnostic status of the two study samples.
In summary, whilst studies conducted to date have suggested that children with ADHD exhibit significant impairments in the interpretation of facial affect, the precise nature of these impairments has not yet been established.  Two of the four studies (Corbett & Glidden, 2000; Shapiro et al., 1993) did not compare the performance of children with ADHD and controls on specific types of affect.  In light of the neurological evidence reviewed earlier, it seems likely that children from different clinical populations will exhibit different profiles of impairment across the six core emotions.  In the other two (Cadesky et al., 2000; Singh et al., 1998), observed differences in the interpretation accuracy of children with ADHD and controls were confounded with apparent differences in age or intelligence levels across the groups, which necessarily qualify the conclusions that can be reached on the basis of the study outcomes.
Further, although each of the four studies used a well-established expression stimulus set, the ecological validity of such protocols has recently been questioned (see Posamentier & Abdi, 2003).  In particular, all rely on the use of static facial expressions which appear in the absence of a meaningful context.  In everyday interaction, the interpretation of facial expressions is typically supported by a range of supplemental cues such as gestures, body language, speech prosody, and situational context (Poggi & Pelachaud, 2000).  Studies that have demonstrated superior recognition accuracy on tasks that use dynamic, rather than static, facial expressions (e.g., Harwood, Hall, & Schinkfield, 1999) also suggest that in real-world contexts, affect interpretation is supported by facial movement cues.  In previous research, the interpretation deficits exhibited by children with ADHD have been ascribed to their failures to engage with, and attend to, relevant properties of the facial stimuli used (Cadesky et al., 2000; Corbett & Glidden, 2000; Singh et al., 1998).  Given that richly contextualized, dynamic facial expressions are likely to be more engaging than static, decontextualized images, it is possible that the magnitude and even the nature of the impairments exhibited by these children will vary with properties of the stimulus expressions used.
Finally, although many affect recognition training packages rely on some use of cartoon images (e.g., Team Asperger, 2003), no studies to date have examined whether the impairments exhibited by children with ADHD vary across different expression portrayal modes.  Children with ADHD may find it easier to identify emotions depicted in cartoon or caricatured portrayals for several reasons.  Most notably, faces presented in these forms tend to be perceived as more emotionally intense and “prototypical” than real-life representations, because they exaggerate key features of relevant expressions whilst eliminating ambiguous and/or distracting cues (Benson, Campbell, Harris, Frank, & Tovée, 1999; Calder et al., 2000).  Both of these factors (intensity and prototypicality) have been found to increase affect recognition accuracy in experimental situations (Mauro & Kubovy, 1992).  In light of the fact that children with ADHD appear to benefit significantly from the use of stimuli that are accentuated in some way (Landau, Gross-Tsur, Auerbach, Van der Meere, & Shalev, 1999), it is possible that that the deficits exhibited by these children will be less pronounced when caricatured or cartoon stimuli are used.
The primary goal of the present study was to further examine whether children with ADHD exhibit impairments in their interpretations of facial affect, and to determine whether their relative performance on such tasks is moderated by properties of the stimulus expressions.  In light of evidence that females generally demonstrate superior performance to males on tasks of this kind (Rotter & Rotter, 1988), only boys were included in the study sample to control for associated confounding effects.  
METHOD
Participants

Three screening measures were used in the selection of ADHD and community comparison participants for the study.  First, four subtests from the 1992 Australian Adaptation of the Wechsler Intelligence Scale for Children – III (WISC-III: Wechsler, 1991) were used to provide a “quick screen” of cognitive ability (Sattler, 1992) for all participants.  This set included two Verbal IQ subtests (Vocabulary and Similarities), and two Performance IQ subtests (Block Design and Object Assembly).  Only participants with IQs of 80 or more in both domains were included in the final sample.  Second, primary caregivers for each participant completed the Child Behaviour Checklist (CBCL: Achenbach, 1991) and the Swanson, Nolan, and Pelham Teacher and Parent Rating Scale (SNAP-IV: Swanson, 1995).  To be included in the community comparison group, participants needed to obtain T-scores that fell within the normal range on all CBCL subscales, and scores that fell below the 5% cutoffs on the Inattention and Hyperactivity/Impulsivity subscales of the SNAP-IV.
Participants in the final sample were 48 boys ranging in age from 7 years, 10 months to 12 years, 3 months.  Of these, 24 were recruited from two randomly selected metropolitan primary schools in Perth, Western Australia, who met the criteria stipulated for inclusion in the community comparison group.  The remaining 24 were boys who had previously been diagnosed by a pediatrician as having met the DSM-IV criteria for a diagnosis of ADHD.  It was not possible to obtain diagnostic information on subtype classifications for most participants.  Each boy with ADHD was matched for age (within seven months) with one participant from the community sample.  As a result, mean ages for the ADHD and community groups were very similar (M = 10 years 2 months, SD = 1 year 4 months, and M = 10 years 3 months, SD = 1 year 3 months, respectively).  All participants had normal or corrected-to-normal visual acuity, and spoke English as their primary language.  Boys in the ADHD sample were also required to be free of stimulant medication for a minimum period of 20 hours prior to testing.  Consistent with reports that most children with ADHD will exhibit at least one comorbid condition, however, 92% of ADHD participants obtained T-scores within the borderline or clinical range on one or more subscales of the CBCL.  Percentages of ADHD participants who fell within the normal, clinical, and borderline ranges on each of the CBCL subscales are shown in Table 1.  
Insert Table 1 here

Stimulus Materials
The stimulus expressions used in the Facial Affect Interpretation Task (FAIT) were created from scenes drawn from two contemporary television shows.  Three criteria were used to create the initial stimulus pool: (i) each had to include an emotional event that could meaningfully be conveyed within a 10-second video clip, (ii) each had to provide a clear image of the target character’s facial expression, and (iii) the emotion shown by the target character in the scene had to represent only one of the six core emotions (happiness, sadness, fear, anger, surprise or disgust) identified by Ekman (1972).  Initially, 10 examples of each emotion were identified, producing a total of 60 emotion scenes.  These scenes were then shown to a panel of five academic staff from the University of Western Australia, who were asked to identify the two clearest examples of each emotion.  Items in the final stimulus set of 24 scenes were those that a majority of the panel had judged to be unambiguous.  Votes for inclusion were unanimous for all but two scenes.  The latter two were included on the basis of a marginal (3:2) majority vote.
Stimulus Variation I: Portrayal Mode
As noted, while many affect recognition training packages rely on some use of cartoon images, no studies to date have examined whether the impairments exhibited by children with ADHD vary across different portrayal modes.  Based on the suggestion that children with ADHD may benefit significantly from the use of accentuated stimuli (Landau, et al., 1999), one of the study goals was to compare the impairments exhibited by boys with ADHD in cartoon and real-life portrayal modes.  To create the two modes, 12 of the 24 stimulus scenes were drawn from a contemporary cartoon series, while the other 12 were drawn from a sitcom series.  Within each 12-scene subset, there were two examples of each of the six core emotions (happiness, sadness, fear, anger, surprise, and disgust).  Identical criteria were used in the selection of scenes from each source, which comprised a mix of adults and children, and females and males.  

Stimulus Variation II: Level of Stimulus Information
While many of the stimulus protocols used in previous research have relied entirely on static, decontextualized representations of facial affect, in real-world contexts, the interpretation of facial expressions is typically supported by cues such as facial and body movements, and situational context.  Thus, a further goal of the study was to examine whether boys with ADHD and non-diagnosed boys benefited differentially from the provision of supplemental cues in the stimulus expressions.  To address this goal, three versions of each of the 24 stimulus scenes were created: A static version that provided no contextual information (static-decontextualized), a dynamic version that provided no contextual information (dynamic-decontextualized), and a dynamic version presented in context (dynamic-contextualized).  The static-decontextualized versions were still frames of facial expressions extracted from each of the original 10-second clips.  These coloured frames were printed onto photographic paper, measuring approximately 10 by 12.5 cm.  The dynamic-decontextualized versions were 2- to 3-second extracts from the original 10-second clips, which showed only the target character’s expression and body movements.  No sound or contextual information was included in this footage.  The dynamic-contextualized versions were the original 10-second scenes, which showed both the target character’s facial expression and the context in which this occurred (e.g., antecedent events, other characters’ actions and facial expressions).  Again, however, sound was not used so that there were no verbal cues as to the character’s emotional state.

Procedure

Testing for the boys with ADHD was conducted in a single 90-minute session in the Centre for Attention & Related Disorders at the University of Western Australia.  Boys in the community comparison group were also tested in a single session either in the same location or in a room set aside within their regular school.  In all settings, the testing area was quiet and free from extraneous distraction.  All testing was conducted during the mornings only to control for diminished persistence in the boys with ADHD (Lawrence et al., 2002).  All participants completed the four subtests of the WISC-III first, followed by the 72 FAIT trials.

In the FAIT, participants were told that they would be shown photographic stills and video footage of popular television characters.  When presented with the static or video segments, participants were instructed to watch the target character’s facial expression carefully, and to then name the emotion they thought the character was displaying.  Each scene was shown only once, and no response time limits were imposed.  In total, participants completed 72 experimental trials: 24 for each of the static-decontextualized, dynamic-decontextualized, and dynamic-contextualized levels.  Trials were presented in that order throughout the study.  Thus, this variation focussed specifically on the improvements made by boys in the two groups with increasing levels of supplemental cues, rather than the effects of these cues on initial interpretations.  Trial sequence was randomized, however, for presentation of the six core emotions and for the cartoon versus real-life depictions.

Scoring of the responses made in each trial relied on the taxonomy presented in Mind Reading: The Interactive Guide to Emotions (Baron-Cohen, 2002). To date, the majority of studies investigating recognition of facial affect have used a “forced choice” method.  Although this method has proven popular, free choice response formats are considered to be superior by some researchers (e.g., Russell, 1994) for reducing levels of score contamination due to guessing.  Mind Reading classifies 412 distinct emotions into 24 “emotional concepts” (e.g., surprised, angry, interested), which were used in the present study to group and score responses in each of the FAIT trials.

RESULTS

Initially, three multivariate analyses of variance (MANOVAs) were performed to compare scores for the two diagnostic groups on the WISC-III, the CBCL, and the SNAP-IV.  Data screening using Prelis 2.50 (Jöreskog & Sörbom, 2001) indicated relatively normal distributions for scores on the SNAP-IV Inattention subscale and for the Verbal and Performance IQs, but modest levels of positive skew on the CBCL and SNAP-IV Hyperactivity/Impulsivity subscales.  Normal score transformations were thus performed on scores for the latter subscales to enhance conformity to underlying MANOVA assumptions.  Following this, Levene’s tests still indicated significant variance heterogeneity on all eight subscales of the CBCL.  As noted by Tabachnick and Fidell (2001), however, F is generally robust to such violations, as long as cell ns are equal.  No significant digressions from any other key assumptions were apparent.  Means and standard deviations for scores on each screening measure are shown in Table 2.

Insert Table 2 here


Based on Pillai’s criterion, the MANOVA on Verbal and Performance IQs indicated no significant differences in the overall intelligence levels of the two diagnostic groups, V = .06, F(2,45) = 1.50, p = .23.  As expected, however, the MANOVA on scores for the SNAP-IV subscales was significant, V = .76, F(2,45) = 69.29, p < .001, with univariate tests indicating higher scores for the ADHD than for comparison group both on the Inattention subscale, F(1,46) = 138.33, p < .001, partial (2 = .75, and on the Hyperactivity/Impulsivity subscale, F(1,46) = 55.56, p < .001, partial (2 = .55.  The MANOVA on CBCL scores was also significant, V = .74, F(8,39) = 13.63, p < .001, indicating higher scores for children with ADHD on all eight subscales, Fs(1,46) > 38.86, ps < .001.  Effect sizes for the latter differences were also moderately high (.46 < partial (2 < .67), confirming the significant levels of concomitant conduct problems that existed within the ADHD study sample.
Error patterns for each of the 72 FAIT trials were then examined with reference to the 24 emotion concepts identified in Mind Reading.  These patterns suggested that two of the stimulus scenes from the sitcom subset were potentially problematic.  In one case, boys from both groups consistently mistook surprise for happiness, while in the other, fear was consistently mistaken for surprise.  These scenes were those that had been identified as ambiguous by two members of the initial evaluation panel.  On this basis, both were excluded from all subsequent analyses, reducing the total number of stimulus trials for the study to 66. 
To examine whether children with ADHD exhibited significant impairments on the FAIT, the six emotions were grouped into three valence sets: negative (anger, sadness, disgust, and fear), positive (happiness), and transitory (surprise).  For the negative emotions set, a 2 (diagnostic group: ADHD vs. comparison) by 2 (portrayal mode: cartoon vs. real-life) by 3 (level of information: static-decontextualized vs. dynamic-decontextualized vs. dynamic-contextualized) mixed-design MANOVA was performed to compare scores for the groups across levels of the two stimulus variation factors. Mixed design univariate analyses of variance (ANOVAs) were then performed on scores for the happiness and surprise measures.  Outcomes of these initial analyses indicated a significant main effect for level of information on the negative emotions composite, V = .63, F(8,39) = 8.46, p < .001, with significant univariate effects on all four subtests, Fs(2,92) > 4.53, ps ( .01.  There were, however, no significant main effects for portrayal mode, and no significant two- or three-way interactions between diagnostic group and the two stimulus conditions (all ps > .32).  In light of the latter result, scores for each emotion were then averaged across the two stimulus variation factors, producing six overall FAIT scores (one for each emotion).  The diagnostic group comparisons were then re-conducted on these overall average scores.
Preliminary screening tests for scores on the FAIT indicated some degree of negative skew on all subtests except disgust.  Thus, normal score transformations were again performed to enhance conformity to underlying MANOVA and ANOVA assumptions.  Following this, there was a modest degree of variance heterogeneity on two subtests (anger and disgust), but no other violations were apparent.  Mean percentages for each subtest are shown in Table 3.  As indicated, accuracy rankings were similar across the two groups, with both performing most poorly on disgust, fear, and surprise (respectively).  Performance ceiling effects were also apparent for both groups on the remaining three subtests (happiness, sadness, and anger).
Insert Table 3 here

Univariate ANOVAs indicated no significant difference in the scores of the two groups on happiness, F(1,46) = 1.61, p = .21.  As noted above, this is likely to reflect the presence of a performance ceiling effect on this subtest.  Mean scores for surprise did indicate a trend towards superior performance for the comparison group, although this difference only approached significance at the .05 level (Table 4).  As indicated in Table 3, mean percentages for both groups on the latter subtest were also very high.  Thus, group differences on this subtest may also have been attenuated through the operation of ceiling effects on higher-performing participants.  The MANOVA on the negative emotions composite variable was significant, V = .20, F(4,43) = 2.66, p = .05.  As scores for the four negative emotion subtests were significantly correlated, Bartlett’s (2(9) = 54.75, p < .001, both univariate and stepdown analyses were used in the interpretation of this effect.  While the ANOVAs indicated no significant group effects on anger or sadness, Fs(1,46) < 1.37, ps > .25, significant differences were found in favour of the comparison group on both fear and disgust (Table 4).  The effect on disgust remained significant, while the effect on fear remained marginally significant (p = .06), at stepdown.  Thus, while the effects of diagnostic group on the fear and disgust subtests were not entirely independent, a substantial portion of the effect on each was unique.
Insert Table 4 here

To examine further the relationships between ADHD symptomatology, conduct problems, and facial affect interpretation, participants’ ages and scores on the WISC-III, SNAP-IV, and CBCL subscales were correlated with scores on the six FAIT subtests.  As indicated in Table 5, Verbal IQ levels were positively related to accuracy on the anger subtest, while age related positively to accuracy on surprise.  The pattern of associations between the SNAP-IV and FAIT subtests generally corroborated the outcomes of the group difference tests, indicating significant negative associations between ADHD symptomatology and scores on disgust and fear.  Scores on the surprise subtest also correlated negatively with those on the SNAP-IV Hyperactivity/Impulsivity subscale, although not with those on the SNAP-IV Inattention subscale.  Importantly, significant negative relationships were also found between the disgust and fear subtests and symptom levels on seven of eight CBCL subscales.  The only CBCL subscale that did not correlate with disgust and fear was Psychosomatic Problems, which, along with the CBCL Anxious/Depressed, CBCL Aggressive Behaviours and the SNAP-IV Hyperactivity/Impulsivity subscales, correlated negatively with scores on surprise.  
Insert Table 5 here
DISCUSSION

Results of this study suggest that, relative to their non-diagnosed peers, boys with ADHD exhibit significant impairments in their interpretation of two types of facial affect: disgust and fear.  Results also suggested a trend towards impairments for boys with ADHD in the interpretation of surprise.  These outcomes are consistent with studies that have respectively linked ADHD and the interpretation of disgust to irregularities of form and/or function in the basal ganglia (Giedd, et al., 2001; Blair, et al., 1999).  While this literature has not suggested direct links between ADHD and abnormalities in the amygdala, the effects found for the emotions of fear and surprise in this study may have been due to high levels of concomitant conduct problems in the ADHD sample.  Alongside the SNAP-IV subscales, symptom levels on seven of eight CBCL subscales correlated negatively with scores on disgust and fear, while a further three (Anxious/Depressed, Psychosomatic Problems and Aggressive Behaviours) correlated with scores on surprise.  In light of the latter result, it is not possible to ascribe the impairments observed on the FAIT to ADHD symptomatology per se.  Given that “pure” cases of ADHD are rare (Tannock, 1998) these sample characteristics would serve to enhance the clinical generality of the study results.  From a theoretical point of view, however, future studies that include children with both “pure” and “comorbid” forms of ADHD, as well as different subtypes of the disorder, may help to clarify the mechanisms responsible for the impairments expressed by children in this population.
No evidence of relative impairments was found on the other three emotions (happiness, anger, and sadness).  This outcome is not consistent with the conclusions of Singh et al. (1998), who reported impairments for children with ADHD on all six core emotions.  Cadesky et al. (2000) also reported impairments for children with ADHD on three of four affect types (happiness, sadness, and fear).  Further, neurological studies have provided some support for the involvement of the amygdala in the interpretation of sadness, and for involvement of the orbitofrontal cortex in the interpretation of anger (see Posamentier & Abdi, 2003).  Given that a small number of studies have also implicated these regions in ADHD and conduct disorder, some impairments on these affect types were anticipated.  As noted, however, it is possible that the non-significant performance differences observed on the happiness, sadness, and anger subtests reflect the operation of performance ceiling effects.  As in the study by Shapiro et al. (1993), this would have had an attenuating effect on any performance differences between the two groups.  Thus, future development work in the area could examine ways to increase the difficulty levels of tasks used to represent these three emotions.  
The relative impairments exhibited by boys with ADHD proved to be robust across the cartoon and real-life portrayal modes used in the study.  This finding implies that either format may be used in testing or training protocols to similar effect.  Importantly, however, only two stimulus expressions were used to represent each mode for each emotion type.  This may have reduced score reliability within each of the levels, and, in turn, lowered the statistical power of the group comparison tests.  It is also possible that these results reflected unintended properties of the stimuli used.  In particular, the final expressions used in both portrayal modes were chosen because they gave relatively clear examples of one of the six emotions.  As a consequence, however, these expressions also tended to be more intense than others in the initial stimulus pool.  Studies have indicated that the advantages of using prototypical versus real-life presentations are reduced for highly intense expressions (Ambadar, 2002).  Thus, it is possible that the moderating effects of portrayal mode on performance were attenuated by the intensity of the expressions used.
The relative impairments exhibited by boys with ADHD were also consistent across the static-decontextualized, dynamic-decontextualized, and dynamic-contextualized expression trials.  Thus, although a main effect indicated significant overall performance increments across these three levels, participants in the ADHD and comparison groups did not appear to benefit differentially from increasing levels of supplemental information.  This finding lends some support to the use of protocols that are based entirely on static presentations of facial affect.  As for the portrayal mode variation, however, reduced benefits of dynamic versus static presentations have been found for highly intense expressions (Bould, Wink, Johnston, & Jones, 2004).  As a consequence, it is again possible that expression intensity had an attenuating impact on this factor.  It should further be noted here that the level of information factor used in the study examined only the increments that accrued with additional interpretation cues, not the impact of these cues on initial interpretations.  Further research could address the latter question through the use of a large stimulus set, in which each scene is used only once to represent a particular level of stimulus information.  Scene presentation could then be randomized to preclude any confounding due to practice effects.  Establishing difficulty equivalence in the expressions used would be particularly critical in the design of such a protocol.
Future research could also focus on comparing ADHD and non-diagnosed children across different dimensions of affect recognition performance.  Sonneville et al. (2002) argue that, as social interaction is necessarily time-based, affect processing speed may be a critical factor (alongside accuracy) in determining participants’ communicative efficacy.  Future studies that incorporate response time indices may, therefore, help to clarify the efficiency of the strategies that children with ADHD use in processing facial affect.  Sonneville et al. identify two major alternatives: configural recognition, a rapid process in which faces are interpreted as meaningful wholes, and featural recognition, a slower process in which faces are analysed with respect to their constituent parts. As configural recognition is likely to rely heavily on right hemisphere processes which have, in turn, been implicated in ADHD (e.g., Stefanatos & Wasserstein, 2001), it is possible that children with this disorder tend to rely more heavily on relatively inefficient, “piecemeal” processing strategies than other children.  The use of response time indices could, therefore, provide further insights into the nature of the impairments indicated for children with ADHD in this and previous studies.
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Table 1.
Status classification percentages on the CBCL subscales for ADHD boys
	Subscale
	Status Classification

	
	Clinical
	Borderline
	Normal

	Anxious/Depressed
	37.50%
	33.33%
	29.17%

	Withdrawn/Depressed
	41.67%
	29.17%
	29.17%

	Psychosomatic Problems
	16.67%
	33.33%
	50.00%

	Social Problems
	37.50%
	25.00%
	37.50%

	Thought Problems
	58.33%
	4.17%
	37.50%

	Attentional Problems
	45.83%
	33.33%
	20.83%

	Rule-breaking Behaviour
	54.17%
	16.67%
	29.17%

	Aggressive Behaviour
	41.67%
	16.67%
	41.67%


Table 2.
Descriptive statistics for scores on the three screening measures

	Measure*
	ADHD

(n = 24)
	Community

(n = 24)
	Total

(n = 48)

	WISC-III: Verbal IQ (80-160)
	109.50 (17.72)
	115.33 (15.52)
	112.42 (16.74)

	WISC-III: Performance IQ (80-160)
	105.17 (20.86)
	114.29 (16.91)
	109.73 (19.34)

	CBCL: Anxious/Depressed (50-100)
	69.04 (9.70)
	53.46 (4.32)
	61.25 (10.83)

	CBCL: Withdrawn/Depressed (50-100)
	68.29 (8.08)
	51.67 (2.62)
	59.98 (10.29)

	CBCL: Psychosomatic Problems (50-100)
	62.96 (8.69)
	53.46 (4.10)
	58.21 (8.26)

	CBCL: Social Problems (50-100)
	67.21 (9.86)
	51.67 (2.73)
	59.44 (10.63)

	CBCL: Thought Problems (50-100)
	69.75 (9.95)
	52.92 (3.69)
	61.33 (11.29)

	CBCL: Attentional Problems (50-100)
	71.04 (10.49)
	51.63 (2.04)
	61.33 (12.33)

	CBCL: Rule-Breaking Behaviour (50-100)
	65.75 (9.48)
	52.13 (2.97)
	58.94 (9.78)

	CBCL: Aggressive Behaviour (50-100)
	69.29 (13.20)
	51.96 (3.37)
	60.63 (12.94)

	SNAP-IV: Inattention (0-27)
	20.25 (4.65)
	5.77 (3.84)
	13.01 (8.44)

	SNAP-IV: Hyperactivity/Impulsivity (0-27)
	13.96 (6.97)
	2.70 (2.47)
	8.33 (7.69)


* Absolute score ranges for each measure presented in parentheses

Table 3.
Descriptive statistics for total scores on the six FAIT subtests

	Emotion
	ADHD

(n = 24)
	Community

(n = 24)
	Total

(n = 48)

	Happiness
	88.19 (13.66)
	92.71 (10.80)
	90.45 (12.39)

	Surprise
	75.00 (26.06)
	86.57 (22.46)
	80.79 (24.76)

	Anger
	89.24 (15.04)
	93.40 (8.85)
	91.32 (12.39)

	Sadness
	91.32 (14.22)
	92.36 (12.75)
	91.84 (13.37)

	Disgust
	34.37 (19.86)
	53.47 (31.08)
	43.92 (27.54)

	Fear
	67.59 (34.51)
	86.57 (23.62)
	77.08 (30.79)


Table 4.

Univariate and stepdown outcomes for the six FAIT subtests

	Measure
	Test
	df
	MSBETWEEN
	MSWITHIN
	F
	Sig.
	Partial (2

	Surprise
	Univariate
	1,46
	1607.51
	591.68
	2.72
	.11
	.06

	Disgust
	Univariate
	1,46
	4376.45
	680.04
	6.44
	.02
	.12

	
	Stepdown
	1,45
	3690.26
	694.13
	5.32
	.03
	.11

	Fear
	Univariate
	1,46
	4323.56
	874.37
	4.95
	.03
	.10

	
	Stepdown
	1,45
	3468.06
	892.49
	3.89
	.06
	.08


Table 5.

Bivariate correlations between scores on the WISC-III, CBCL, SNAP-IV, and FAIT subtests

	Measure/Subtest
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	1. Age in years
	--
	-.01
	.03
	-.16
	-.01
	.16
	-.12
	-.17
	-.14
	-.23
	-.21
	-.05
	-.26
	.04
	.31*
	.23
	-.01
	.17
	.25

	2. WISC-III: Verbal IQ
	
	--
	.50**
	-.05
	-.20
	.13
	-.03
	-.07
	-.12
	-.01
	.05
	-.10
	.00
	.11
	.10
	.33*
	.15
	.12
	.26

	3. WISC-III: Performance IQ
	
	
	--
	-.12
	-.26
	-.09
	-.09
	-.11
	-.13
	-.18
	-.14
	-.21
	-.18
	.12
	.07
	.19
	.04
	.10
	.21

	4. CBCL: Anxious/Depressed
	
	
	
	--
	.83**
	.57**
	.89**
	.84**
	.82**
	.70**
	.74**
	.73**
	.81**
	-.34*
	-.29*
	-.11
	-.09
	-.36*
	-.48**

	5. CBCL: Withdrawn/Depressed
	
	
	
	
	--
	.64**
	.80**
	.75**
	.84**
	.67**
	.68**
	.77**
	.68**
	-.27
	-.25
	-.19
	-.11
	-.35*
	-.41**

	6. CBCL: Psychosomatic Problems
	
	
	
	
	
	--
	.67**
	.60**
	.56**
	.57**
	.64**
	.66*
	.53**
	-.22
	-.32*
	-.08
	.04
	-.23
	-.04

	7. CBCL: Social Problems
	
	
	
	
	
	
	--
	.82**
	.90**
	.64**
	.65**
	.74**
	.75**
	-.36*
	-.28
	-.17
	-.08
	-.30*
	-.42**

	8. CBCL: Thought Problems
	
	
	
	
	
	
	
	--
	.86**
	.80**
	.82**
	.85**
	.83**
	-.28
	-.24
	-.24
	-.10
	-.33*
	-.42**

	9. CBCL: Attentional Problems
	
	
	
	
	
	
	
	
	--
	.70**
	.70**
	.82**
	.76**
	-.34*
	-.24
	-.15
	-.16
	-.30*
	-.46**

	10. CBCL: Rule-Breaking Behaviour
	
	
	
	
	
	
	
	
	
	--
	.90**
	.82**
	.87**
	-.25
	-.27
	-.18
	.05
	-.43**
	-.35*

	11. CBCL: Aggressive Behaviour
	
	
	
	
	
	
	
	
	
	
	--
	.79**
	.84**
	-.15
	-.31*
	-.16
	-.04
	-.39**
	-.27*

	12. SNAP-IV: Inattention
	
	
	
	
	
	
	
	
	
	
	
	--
	.81**
	-.33*
	-.26
	-.18
	-.04
	-.32*
	-.31*

	13. SNAP-IV: Hyperactivity/Impulsivity
	
	
	
	
	
	
	
	
	
	
	
	
	--
	-.34*
	-.32*
	-.13
	-.04
	-.39**
	-.43**

	14. FAIT: Happiness
	
	
	
	
	
	
	
	
	
	
	
	
	
	--
	.26
	.15
	.13
	-.14
	.10

	15. FAIT: Surprise
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	--
	.24
	.25
	.06
	.12

	16. FAIT: Anger
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	--
	-.01
	.12
	.22

	17. FAIT: Sadness
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	--
	-.09
	.26

	18. FAIT: Disgust
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	--
	.14

	19. FAIT: Fear
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	--


* Significant at ( = .05; ** Significant at ( = .01
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