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Abstract
Social Cognition in Children with
Attention-Deficit/Hyperactivity Disorder
by
Elyse M. Parke, M.A.
Dr. Daniel N. Allen, Examination Committee Chair
Professor of Psychology

University of Nevada, Las Vegas

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder, which
impacts behavioral outcomes, including social functioning. Children with ADHD demonstrate
impairment across a number of social domains, including aggressive behavior, poor social skills,
and higher rates of Oppositional Defiant Disorder compared to typically developing peers.
However, the underlying neurocognitive underpinnings of these poor social outcomes are
unclear. Furthermore, little is known regarding the impact of ADHD symptomatology on
aspects of social cognition. Inattention, hyperactivity, and impulsivity may differentially impact
components of social cognition. Determining whether performance on social cognition tasks is
predictive of social skills and problem behaviors is also an area with limited research. Therefore,
the current study investigated the relationship between behavioral outcomes, social cognition,
and ADHD symptomatology. Children with ADHD performed significantly poorer than the
control group on measures of affect recognition, pragmatic language, cognitive theory of mind
(ToM), and cognitive empathy. Inattention was predictive of performance in these domains, but

there was little improvement of the model with the addition of hyperactivity and impulsivity.

il



Pragmatic language, cognitive ToM, and cognitive empathy were predictive of parent ratings of
problem and prosocial behaviors. Findings indicate that children with ADHD have difficulty

with cognitive, but not affective components of social cognition.
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Chapter 1
Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder
characterized by poor attention, excessive activity, and impulsivity (American Psychiatric
Association [APA], 2013). In addition to an increased incidence of academic problems, many
children with ADHD exhibit social skills deficits. Specifically, many children with ADHD
exhibit poor eye contact, empathy, and difficulty developing age appropriate relationships with
peers (Uekermann et al., 2010). These poor social skills may result in the high incidence of
Oppositional Defiant Disorder (ODD), aggression, and other negative behavioral outcomes
(Tseng, Kawabata, & Shur-Fen Fau, 2011). Therefore, it is clinically significant to investigate
the underlying mechanisms resulting in poor social skills and defiant behavior in children with
ADHD.

While poor social outcomes are demonstrated in the literature, the underlying cognitive
and biological mechanisms responsible for these outcomes are unclear. Social cognition is a
broader domain, which includes encoding and interpreting social cues, such as emotional content
portrayed by affect recognition, theory of mind (ToM), and empathy (Uekermann et al., 2010).
Affect recognition can apply to interpreting emotions in facial expressions and nonverbal
communication (e.g., prosody, body language). Theory of mind describes the cognitive
processing of another’s thoughts and feelings, which is essential to navigating everyday social
interactions and developing relationships (Beauchamp & Anderson, 2010). Other aspects of
social cognition relevant to children with ADHD are empathy and pragmatic language. Empathy
requires the emotional understanding of another’s mental state. Pragmatic language refers to the

use of language in a social context and is necessary for communicating and understanding social



and emotional intent (Grzadzinski et al., 2011). The current study provides a thorough
investigation of social cognition, including theory of mind, affect recognition, pragmatic
language, and empathy because these components of social cognition are implicated in poor
behavioral outcomes (Leonard, Milich, & Lorch, 2011; Robinson et al., 2014; Sachs et al., 2012;
Schonert-Reichl, Smith, Zaidman-Zait, & Hertzman, 2012).

Research in other clinical populations clearly demonstrates that appropriate social skills
are dependent upon developed social cognition (Brune, 2005). There is conflicting evidence
regarding whether social cognitive deficits are present in children with ADHD. Some studies
indicate that children with ADHD demonstrate difficulty attending to, encoding, and recalling
social cues (Moore, Hughes, & Robinson, 1992; Sibley, Evans, & Serpell, 2010). Previous
research also indicates that children with ADHD perform significantly worse than healthy
controls on affect recognition (Bae, Shin, & Lee, 2009; Ibafiez et al., 2011; Pelc et al., 2006;
Williams et al., 2008) and more advanced theory of mind tasks (Buitelaar, van der Wess, Swaab-
Barneveld, & van der Gaag., 1999; Sodian & Hiilsken, Thoermer, 2003). Some studies
demonstrate that participants with ADHD perform similarly to children with autism spectrum
disorder on mentalizing and affect recognition measures (Buitelaar et al., 1999; Sinzig, Morsch,
& Lehmkuhl, 2008). Other studies find that children with ADHD or at risk for ADHD do not
significantly differ from control participants on social cognition tasks (Charman, Carroll, &
Sturge, 2001; Dyck, Ferguson, & Shochet, 2001; Perner, Kain, & Barchfeld, 2002). Studies that
find no differences suggest that social skills deficits are related to problems in social
performance rather than problems with social cognition (de Boo & Prins, 2007; Huang-Pollock

et al., 2009). Because there are conflicting findings in the literature, it is currently unclear the



extent to which social skills deficits relate more to performance or social cognitive deficits. This
would be valuable information to guide appropriate targets for social skills interventions.

Contrasting findings in the literature may be explained by methodological considerations,
such as the use of small sample sizes (Buitelaar et al., 1999) and examination of community
samples of children at risk for ADHD (Perner et al., 2002). Studies also vary in the sample
characteristics (e.g., ages, comorbidities) and types of measures, which may impact results.
Furthermore, few studies have included females with ADHD, limiting the extent to which we can
generalize social cognition findings to girls with ADHD. Another area lacking in the literature is
the impact that core ADHD symptomatology has on measures of social cognition. Much of the
studies that exist utilize behavior ratings of ADHD symptomatology and social functioning
rather than direct measures (Bae et al., 2009; Solanto Pope-Boyd, Tryon, & Stepak, 2009). Little
is known regarding the differential impact of inattention, hyperactivity, and impulsivity on social
cognition performance. Children that exhibit more severe symptoms across one of the symptom
domains may present with unique social cognitive profiles. Thus, there is need for a study
examining the relationship between ADHD symptomatology and social cognition.

Finally, if functional differences and social cognitive deficits are responsible for poor
social outcomes, then these variables should predict real world behavior ratings as demonstrated
in other clinical populations (Brune, 2005; Thaler, Allen, Sutton, Vertinski, & Ringdahl, 2013).
The proposed findings will further support the relationship between neurocognitive mechanisms,
ADHD symptomatology, and behavioral outcomes. This data would also provide substantial
clinical utility in determining social cognitive targets of early intervention and prevention of

negative behavioral outcomes.



Chapter 2
Literature Review

Attention-Deficit/Hyperactivity Disorder

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder
characterized by core symptoms of inattention, hyperactivity, and impulsivity (APA, 2013).
These symptoms are developmentally inappropriate and may persist into adulthood (Miller,
Hanford, Fassbender, Duke, & Schweitzer, 2011). ADHD is among the most commonly
diagnosed psychological disorder in childhood (Barkley, 2014a), occurring in about 5% of the
population (APA, 2013). This disorder is highly heritable (Stergiakouli et al., 2015) as well as
influenced by environmental factors such as, socioeconomic status, prenatal exposure, familial
conflict, and education level (van der Kolk et al., 2014). ADHD is more commonly diagnosed in
males, with differences in symptom severity and subtype (Arnett, Pennington, Willcutt, DeFries,
& Olson, 2014). Symptoms present in multiple settings and are associated with poor academic
and behavioral outcomes (Daley & Birchwood, 2010). Diagnoses are based on determining
symptom severity commonly assessed through clinical interviews, neuropsychological testing,
and behavioral ratings.

The Diagnostic and Statistical Manual of Mental Disorders, 5" Edition (DSM-5; APA,
2013) currently classifies ADHD into the following presentations: predominantly hyperactive
(ADHD-HI), predominately inattentive (ADHD-I), and combined (ADHD-C). This is a
reclassification of subtypes present in the prior DSM 4" Edition (DSM-IV; APA, 2000). The
newer term presentation was used in efforts to account for the temporal instability (Lahey,
Pelham, Loney, Lee, & Willcutt, 2005; Lee, Lahey, Owens, & Hinshaw, 2008; Todd et al., 2008)

and discrepancies across clinicians and diagnostic procedures (Rowland et al., 2008; Valo &



Tannock, 2010). However, studies clearly indicate that subtypes/presentations significantly
differ with regard to neurocognitive, behavioral, and academic functioning (Barkley, 2013; Nigg,
Tannock, & Rohde, 2010; Reirsen & Todorov, 2013). Research has generally focused on the
inattentive and combined presentations as symptoms of inattention are most associated with
neurocognitive and functional impairment (Halperin et al., 1990). Additionally, the
hyperactive/impulsive presentation (ADHD-HI) is often considered a precursor to ADHD-C
(Capdevila-Brophy et al., 2014). Children with the combined presentation tend to exhibit more
externalizing behavior, including higher rates of aggression and substance abuse (Hofvander et
al., 2011). This population is also more commonly diagnosed with Oppositional Defiant
Disorder (ODD) and Conduct Disorder (CD; Frick & Nigg, 2012). Children with predominately
inattentive symptoms are more likely to struggle with anxiety, depression, learning problems,
and exhibit a sluggish cognitive tempo (Barkley, 2014; Bauermeister, Barkley, Bauermeister,
Martinez, & McBurnett, 2012; Becker & Langberg, 2013; Capdevila-Brophy et al., 2014; Saxby
& Barkley, 2014).

Current conceptualizations of ADHD are that the primary deficit is in response inhibition
(Barkley, 2014). This core neuropsychological impairment results in ADHD symptomatology
and executive functioning deficits. For example, inattention is a disinhibition of attention to
irrelevant stimuli. Hyperactivity is the disinhibition of motor activity and impulsivity is a
disinhibition of verbal and decision-making processes (Nigg, 2001). Executive functioning
deficits are thought to represent the core neuropsychological impairment in ADHD. Common
findings include deficits in sustained attention, working memory, and response inhibition
(Bunford et al., 2015). Recent attention has also focused on slowed processing speed and

sluggish cognitive tempo (SCT) in children with ADHD (Bauermeister, Barkley, Bauermeister,



Martinez, & McBurnett, 2012; Becker & Langberg, 2013; Saxby & Barkley, 2014). Some
researchers propose that children with SCT represent a unique subtype or subpopulation
(Barkley, 2014b). However, further research is needed to validate this theory. While extensive
research has been conducted with neuropsychological measures, little is known about social
cognitive functioning in individuals with ADHD. This research can provide insight into the poor
social, emotional, and behavioral outcomes often observed. Therefore, the proposed current
study will address this matter by a comprehensive examination of social cognition and
functioning in children with ADHD.

In the following sections, each of the areas relevant to the current study are reviewed.
Specifically, social cognition, relevant neurobiological correlates, social functioning, and ADHD
symptomatology are examined in light of the literature. Recent findings and theoretical
considerations guide study hypotheses and conclusions.

Social Cognition: An overview

Definition and neural processes. Since the beginning of psychology as a formal
discipline, psychologists have been interested in human’s abilities to relate to one another and
adapt in a social world (Thorndike, 1920; Wechsler, 1955). These abilities are distinct from
other cognitive abilities, including IQ, verbal reasoning, attention, and executive function (Fiske
& Taylor, 2013). These two domains of cognition are often termed “hot” and “cool/cold”
cognitive abilities, with the latter term representing traditional neurocognitive testing (Prencipe
etal., 2011). Social cognition is a broad construct that includes both social and emotional
components. Other terms historically associated with this construct include emotional
intelligence (Goleman, 1998), theory of mind (Frith, 1992), and emotion perception (Cannon,

1929). These terms reflect the broadness of social-emotional abilities associated with social



cognition. Emotional intelligence has been understood as including abilities to recognize and
regulate one’s emotions (Curci, Lanciano, Soleti, Zammuner, & Salovey, 2013), whereas social
cognition refers to the capacity to relate social and emotional information to other people
(Uekermann et al., 2010). Although these constructs are similar, they are distinct in their place
in the field of psychology. Emotional intelligence has been historically studied in terms of
personality theories, whereas social cognition generally is examined in the social and cognitive
neurosciences. Thus, the current paper examines social cognition because of its relation to
neuropsychology and neuroscience.

Models of social cognition include social information processing theory (Crick & Dodge,
1996) social-emotional processing stream framework (Oschner, 2008), and the Socio-Cognitive
Integration of Abilities Model (SOCIAL; Beauchamp & Anderson, 2010). While there are
subtle differences in these models, most theorists agree that social cognition includes affect
recognition, social perception, theory of mind (ToM), and attributional style (Green, Olivier,
Crawley, Penn, & Silverstein, 2005). Affect recognition is the ability to identify emotions in
facial expressions and prosody. Social perception refers to the capacity to identify social cues
and apply stores of social knowledge for appropriate social behavior. Theory of mind involves
the ability to understand another’s mental state and make appropriate inferences based on that
information. Attributional style is the way in which people explain the causes of events in their
lives. These four abilities are often impaired in a multitude of clinical populations, but have been
primarily examined in individuals with autism (Sinzig, Morsch, & Lehmkuhl, 2008) and
schizophrenia (Oschner, 2008).

The field of social cognitive neuroscience has recently expanded and attempted to

identify the neurobiological mechanisms involved in social cognition. Neuroanatomical studies



have revealed that the amygdala is particularly involved in assessing threatening social stimuli,
such as emotional facial expressions (Pelphrey, Adolphs, & Morris 2004). Structural
abnormalities have been found in children with autism who often have profound deficits in social
cognition (Pelphrey et al., 2004). Other brain regions associated with social cognition include
the fusiform gyrus and superior temporal sulcus. The fusiform gyrus is thought to regulate
analyzing static facial expressions (Kawasaki et al., 2012). The superior temporal sulcus is
associated with biological motion and processing context of other people’s actions (Deen &
Saxe, 2012). Research indicates that the prefrontal cortex (PFC), orbitofrontal cortex (OFC),
caudate nucleus, ventral striatum, and cerebellum (Adolphs, 2001; Cacioppo & Berntson, 1992;
Lieberman, 2007; Ochsner & Lieberman, 2001) are also implicated in social cognition. The
prefrontal lobe is associated with executive control of social and emotional processing and
behavioral output (Uekermann et al., 2010). The PFC and OFC are most often associated with
theory of mind and regulating emotional expression (Bechara, 2004; Bechara, Damasio &
Damasio, 2000; Rolls, 2000). For example, lesion studies and case studies of patients with
traumatic brain injury (TBI) have demonstrated the importance of the PFC and OFC in
regulating emotions and higher order social thinking (Eslinger, Flaherty-Craig, & Benton, 2004).
Furthermore, functional magnetic resonance imaging (fMRI) has demonstrated activity in these
particular regions during activities requiring social abilities (Vaidya et al., 2005). Research also
identifies the caudate nucleus as involved in processing positive emotions and nonverbal cues
(Balleine, Delgado & Hikosaka, 2007; Lieberman, 2000) and the ventral striatum is involved in
social reward processing (Delgado, 2007; Juckel et al., 2006). Finally, observance of patients
with cerebellar cognitive affective syndrome provides evidence that the cerebellum is also

involved in affect and regulation of social behavior (Schutter & van Honk, 2009).



Beyond individual brain regions, there may be specific circuits involved in the
component of social behavior. For example, research indicates that the amygdala, insula, and
ventral striatum work in conjunction to mediate emotion perception (Qin et al., 2014).
Emotional regulation is distinct from emotion perception, as it involves the ability to generate,
alter, and monitor emotional reactions. This process involves circuitry between PFC, anterior
cingulate, and amygdala (Zotev, Phillips, Young, Drevets, & Bodurka, 2013). Theory of mind
has also been extensively studied in the neurosciences. Across different methodologies and
studies, research indicates that the medial PFC, temporal sulcus, temporoparietal junction, and
temporal poles are involved in mentalizing/theory of mind (Blackmore, 2008). Thus, multiple
brain regions are involved in social cognition as a whole and may differentially impact
components within this broad construct.

Models of social cognition. A model of social cognition that has been applied to clinical
populations is social information processing theory (SIP; Crick & Dodge, 1996; Dykas &
Cassidy, 2011). This theory has often been applied to explain the underlying cognitive and
neurological mechanisms resulting in aggressive behavior in children (Horsley, Orobio de
Castro, & Van der Schoot, 2010). Key terms used to define social interactions within this model
are encoding, representing, goals, emotion regulation, response generation, evaluation, and
enactment. Social information must first be accurately encoded and represented. Then social
goals are generated and response options are generated and evaluated to determine their
appropriateness to the situation. Finally, enactment of emotional and behavioral reactions is
regulated for adaptive social functioning. Clinical populations demonstrate deviations along
each of the steps of information processing that leads to behavioral disturbances. For example,

many factors could interfere with accurate encoding, including general inattention and/or



attentional biases to aggressive information. Research on individuals with increased aggressive
behavior indicates that these individuals falsely encode and misattribute situations as overly
hostile (Yaros, Lochman, Rosenbaum, & Jimenez-Camargo, 2014). Some speculate that these
findings are due to biases of schema-consistent information across all populations (Horsley et al.,
2010). Thus, at a very early stage of processing social information, some clinical populations
may be biased toward aggressive information. While SIP theory is helpful in understanding
cognitive components of social cognition, there is little research applying this model to
neurobiological mechanisms (Beauchamp & Anderson, 2010).

More specific models of social cognition have attempted to connect social cognition and
social functioning with their underlying neurobiological mechanisms. For example, the social-
emotional processing stream theory proposed by Kevin Oschner (2008) has attempted to explain
social and emotional deficits in schizophrenia. This model is composed of five hierarchical sub-
constructs including, acquisition of social-affective values and responses (Construct 1),
recognizing and responding to social-affective stimuli (Construct 2), low-level mental state
inference (Construct 3), high-level mental state/trait inference (Construct 4), and context-
sensitive regulation (Construct 5). Construct 1 involves learning and responding to social and
non-social stimuli. The amygdala and ventral striatum are thought to be involved in this process
of affective learning (Delgado, 2007; Pelphrey et al., 2004). Construct 2 is most associated with
facial and emotional perception. The ability to recognize and respond to social-affective stimuli
is regulated by an interaction between the amygdala and hippocampus. The amygdala assists in
identifying environmental stimuli, while the hippocampus retrieves relevant social-emotional
information for the context (Ochsner, 2008). Construct 3 is described as subliminal reactions to

emotional states that are not distinctly defined. Mirror neurons which fire when someone

10



observes another person performing an action are thought to be involved in this process.
However, activity of mirror neurons is more firmly established in motor and pain neurons (Lago-
Rodriguez, Cheeran, Koch, Hortobagy, & Fernandez-del-Olmo, 2014) than in more complicated
social processes, such as empathy (Oschner, 2008). Construct 4 (high-level mental state/trait
inference) relates to encoding contextual information to assist in higher-level understandings of
mental states. Higher-level social cognition involves the interpretation of more complex or
subtle social cues and overlaps substantially with the theory of mind construct. The neural
correlates for Construct 4 are the dorsal and rostral medial prefrontal cortex, the paracingulate
cortex, the precuneus, the temporal-parietal junction, and the superior temporal sulces (Ocshner,
2008). Finally, Construct 5 is the behavioral output and decision making resulting from the
processing involved at the lower four constructs. This construct is thought to involve social-
emotional regulation mediated by the hippocampus, anterior cingulate cortex, and prefrontal
cortex (Ocshner, 2008).

Another model involving a multi-disciplinary approach to social cognition is the
developmental biopsychosocial model (SOCIAL). The SOCIAL model may be the best
approach to understanding social cognition within the context of pediatric populations, such as
children with ADHD. Therefore, it will be explored in depth and used along with empirical
support to guide the proposed study. This model expounds upon three separate components
(attention-executive, communication, and social-emotional) with unique biological correlates
(Beauchamp & Anderson, 2010). Additionally, the SOCIAL model discusses the internal and
external (environmental) factors that mediates each of these skills. This model indicates that an
attention-executive component involves emotional regulation and processing speed relating to

daily social interactions. The communication component is associated with language skills (e.g.,

11



pragmatic language), while the social-emotional component refers to affect recognition,
attributional style, and theory of mind. Neuroanatomical correlates associated with these
components include, the prefrontal cortex regulating the attention-executive component and the
temporal and inferior frontal regions regulating the communication component. The social-
emotional component has been more extensively studied in social neuroscience and has been
broken down into several subcomponents. Facial and emotion perception is regulated by the
amygdala, attributional style is controlled by the prefrontal cortex, and theory of mind is
associated with the temporoparietal junction and prefrontal cortex. Beauchamp and Anderson
(2010) argues that each of the subcomponents of socio-emotional abilities are impacted by
developmental processes. Initial basic social processing, including facial recognition, generally
occurs early on in development. Other more complex social processes, such as theory of mind
and moral reasoning continue developing into adolescence. This behavioral developmental
progression in social and emotional abilities may correspond to neurobiological development.
For example, theory of mind may develop later because it is reliant upon prefrontal lobe
development (O'Nions et al., 2014). Thus, a thorough review of this model is relevant to this
study because of its developmental approach, link to neurobiological correlates, and suspected
dysfunction in children with ADHD across all components in the SOCIAL model.

The attention-executive component within the SOCIAL system includes the larger
constructs of attention and executive function. Conceptualizations of attention indicate that the
construct is a multicomponent system including focusing, sustaining, shifting, and encoding
(Mirsky, Antony, Duncan, Ahearn, & Kelham, 1991). Prior research indicates that children with
ADHD demonstrate the most difficulty with the sustaining and encoding components (Thaler,

Allen, Park, McMurray, & Mayfield, 2010), which are necessary for maintaining attention and
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encoding pertinent social information.

The SOCIAL model separates executive functioning skills into three domains: attentional
control, cognitive flexibility, and goal setting. Attentional control refers to the processes of
selective attention, sustained attention, self-regulation, response inhibition, and self-monitoring.
Selective attention involves focusing attentional control on a short-term task or goal (Gazzaley &
Nobre, 2012), whereas sustained attention requires consistent goal directed attention over
extended periods of time (Bonnelle et al., 2011). Self-regulation and response inhibition apply to
monitoring and adjusting cognition, emotion, and behavior (Surman et al., 2013). Cognitive
flexibility involves the abilities of working memory, attentional shifting, and conceptual transfer.
Working memory is the ability to hold and manipulate short-term visual or verbal information
(van Ewijk et al., 2014). Attentional shifting refers to a switching attention between two or more
stimuli. Conceptual transfer involves switching, but primarily to complex or abstract concepts
(Horowitz-Kraus, 2014). These abilities are often measured by tasks, such as the Wisconsin
Card Sorting Test or the Delis Kaplan Executive Functioning system (DKEFS) Sorting subtest
(Aker & Landrg, 2014). Finally, goal setting involves initiating, planning, problem solving, and
strategic behavior. These steps in goal setting encompass the appropriate forethought and
execution of cognitive, social, and emotional behaviors.

While each of these neuropsychological processes are distinct, they work in conjunction
for cognitive control needed for everyday tasks. For example, one must first employ selective
attention to information before they can mentally manipulate it in their working memory system
(Gazzaley & Nobre, 2012). This network of cognitive abilities and associated neural networks is
particularly relevant to the complex world of social interactions. When attention and executive

functioning skills are disrupted, resulting social behavior is affected. For example, in clinical
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populations poor attention can result in missing environmental social cues resulting in
inappropriate social and emotional reactions to others. Poor impulse control and emotional
regulation can also lead to aggressive behavior and poor implementation of behavioral strategies.
For example, children may get rejected by their peers if they are frequently impulsive and unable
to take turns in conversations or games. Conceptual inflexibility could create social problems,
such as the inability to take feedback from others or understand another’s opinion. Poor set
shifting could also impact a child’s ability to adjust to changes in routine, mood, context, or
conversation. Aspects of goal setting, such as planning and arriving on time to social
engagements could also be disrupted resulting in poor interpersonal relationships (Jacobs &
Anderson, 2002). Attention and executive components are particularly impacted by
developmental processes, such as the development in the prefrontal lobes (Beauchamp &
Anderson, 2010). This neural development likely accounts for growth and fluctuations in
executive control over social and emotional behavior in childhood and adolescence. Research
reliably demonstrates that children and adolescents with ADHD are delayed in the
aforementioned attention and executive abilities (Antshel, Hier, & Barkley, 2014). Thus, their
social behavior and emotional control is also impacted by this delayed developmental process.
Notably, interventions targeting attention and executive functioning often translate into improved
social functioning as well (Greenberg, 2006; Riggs, Greenberg, Kusche, & Pentz, 2006).
Processing speed is another neurocognitive ability often associated with social functioning,
attention, and executive functioning (Anderson, 2008). Research indicates that these abilities
develop in a linear fashion in childhood and progress more slowly in adolescence (Kail & Ferrer,
2007). Delays or disruptions in the development of processing speed can result in difficulty

maintaining pace with conversations and complex social interactions. This phenomenon has

14



been demonstrated in clinical populations, such as schizophrenia (Jabben et al., 2008), TBI
(Rassovsky et al., 2006), and ADHD (Bauermeister, Barkley, Bauermeister, Martinez, &
McBurnett, 2012). These populations may benefit from learning adaptive strategies to cope with
fast past interactions.

The SOCIAL model identifies both verbal and nonverbal communication as essential
components of social interactions. Social communication includes multiple abilities, such as
joint attention, expressive and receptive language, and integration of emotions and gestures
(Landa, 2005). These abilities are strongly associated with successful social interactions and
maintenance of interpersonal relationships (Byars et al., 2014). These communication processes
are particularly impacted in individuals with autism (Gibson, Adams, Lockton, & Green, 2013).
However, there are also subtle deficits in communication abilities in other clinical populations,
such as ADHD (Leonard, Milich, & Lorch, 2011; Véisdnen, Loukusa, Moilanen, & Yliherva,
2014). Joint attention refers to the initiation of an individual’s and/or response to another’s
attempt at sharing attention to a stimulus (e.g., person, object; Redcay et al., 2013). Expressive
communication is outward communication (e.g., vocabulary), whereas receptive language is
internal understanding, such as comprehension of instructions (Leonard et al., 2011). Prior
research indicates that children with ADHD are typical in their receptive language development
(Barkley, DuPaul, & McMurray, 1990), but often have delays in their expressive language (Kim
& Kaiser, 2000). Difficulties in expressive language could impact a child’s ability to
communicate their thoughts, emotions, and desires. Significant speech delays could also lead to
peer ostracizing. Pragmatic language is also important in communication, as it is the use of
language and nonverbal communication relating to social interactions (Leonard et al., 2011).

Pragmatics includes the following: topic initiation, topic maintenance, turn taking, use of
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context, interruptions, amount of talk, intensity (tone and volume), eye contact, facial expression,
physical proximity, and gestures (Prutting & Kirchner, 1987). Detecting these subtle differences,
such as changes in prosody, are useful in monitoring one’s own tone and behavior. Furthermore,
subtle aspects of language, such as irony, impact the ability to detect humor or sarcasm.
Pragmatic communication has been shown to be impacted in children with ADHD (Grzadzinski
et al., 2011), with a strong association between assessments of pragmatic abilities and social
skills (Leonard et al., 2011).

The SOCIAL model proposes that communication and social abilities are linked on a
neurobiological and developmental level. The biological basis for communication processes are
the temporal, temporoparietal, and inferior frontal regions (Beauchamp & Anderson, 2010).
These regions mature at different rates (Friederici, 2006), which may correspond with behavioral
expressions of communication. Even as early as infancy, a social smile can be used to initiate
communication. Later imitation and joint attention are used by young children to connect with
others. These early signs of social abilities are the building blocks for language development.
For example, studies indicate that joint attention in infants is predictive of a child’s vocabulary
(Pickard & Ingersoll, 2015). Expressive language development then in turn impacts later social
development. For example, the higher a child’s vocabulary, the greater their ability to express
emotions and subsequently execute appropriate social interactions (Mostow, Izard, Fine, &
Trentacosta, 2002).

The final socio-emotional component of the SOCIAL model directly addresses social
cognitive abilities. As in other models of social cognition, the authors expand upon the
subcomponents (affect recognition, attributional style, and theory of mind) to provide a

comprehensive account for social cognition and its biological underpinnings. Facial and emotion
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perception is the basic level process that requires attention to multiple details, including identity,
gaze direction, and perceived intention (Calder & Young, 2005; Vuilleumier & Pourtois, 2007).
Facial identity is somewhat biologically and behaviorally distinct from recognizing emotional
expressions in faces (Bruce & Young, 1986). However, both abilities can be affected in clinical
groups (Hefter, Manoach, & Barton, 2005; Vuilleumier & Pourtois, 2007). Certain aspects of
the face are particularly relevant to understanding emotion. Research indicates that the central
features (eyes and mouth) contains the most relevant social-emotional information (Calvo,
Beltran, & Fernandez-Martin, 2014). Clinical populations often demonstrate deficits in
recognizing emotional expressions in faces, which may be due to inattention to the most relevant
information on the central visual cues (Vaidya, Jin, & Fellows, 2014).

The generally accepted definition of attribution is the way individuals attribute intent or
causes to another’s behavior (intent attribution) or personality characteristics (trait attribution;
Harris, Todorov, & Fiske, 2005). These inferred intentions impact the way in which we relate to
others. For example, if we infer that someone has hostile intentions, then subsequent interactions
may be more aggressive. Attribution in the SOCIAL model is understood as the mediator
between more basic levels of face/emotion processing and the more complex process of theory of
mind (Beauchamp & Anderson, 2010). Social attribution is a distinct form of attribution that
refers to the capability to infer social meaning (e.g., mental states) from external stimuli (Klin,
2000). Faulty attribution of intentions has been primarily studied in individuals with high rates
of aggression. The SIP model has specifically been applied in this population to address biases
towards perceiving hostile intentions in others (Crick & Dodge, 1996). This disruption in intent
attribution could also apply to a wide range of clinical populations, such as psychiatric (Lahera et

al., 2015) and neurodevelopmental conditions (Becker, 2014). Clearly misperceiving someone’s
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intention could lead to a range of dysfunctional social behavior (Orobio de Castro, Veerman,
Koops, Bosch, & Monshouwer, 2002).

Theory of mind and empathy are the final subcomponents of the social-emotional domain
in the SOCIAL model. According to this model and other theorists, theory of mind is one of the
most complex forms of social cognition. Furthermore, theory of mind and empathy are
interrelated processes. In order to be empathetic, one must first understand another’s mental
state. Not surprisingly, when someone is unable to mentalize, they show deficits in emotionally
reacting to another’s emotional state (Dvash & Shamay-Tsoory, 2014). These deficits can create
social difficulties, such as appearing inconsiderate, calloused, or aloof to the emotions and
thoughts of others. Developmentally, theory of mind evolves in a stepwise fashion (Beauchamp
& Anderson, 2010) as the frontal lobes and supporting neural networks mature (Vetter,
Altgassen, Phillips, Mahy, & Kliegel, 2013). Children often begin with egocentric cognitive
biases and are then able to differentiate their perspective from others starting in early childhood
(Briine & Briine-Cohrs, 2006). Through adolescence, this skill continues to mature in their
ability to differentiate subtle signs of another’s mental state. Across both typical and clinical
populations, maturation of theory of mind is correlated with the quality of one’s social
relationships (Birch & Bloom, 2004; Hughes et al., 2005), as well as social problem solving,
planning, and judgment (Baird & Astington, 2004; Sokol, Chandler, & Jones, 2004).

Finally, the SOCIAL model accounts for internal and external factors that impact social
and emotional development. Internal factors include personality and temperament, which have
environmental and biological components. For example, openness and extraversion are highly
related to social skills (Guerin et al., 2011). External variables include family functioning,

environment, socioeconomic status (SES), and culture. Each of these variables has the potential
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to radically alter one’s social and emotional development. For example, poverty is associated
with a variety of poor outcomes in cognitive and neurological development, which could lead to
poor social cognition and social skills. Furthermore, families may not be able to afford
therapeutic interventions to mediate early neurodevelopmental concerns that impact social
cognition. While internal and external factors affecting social cognition is important to address,
the purpose of the current paper is to address neuropsychological components of social
functioning. However, further studies should address the implications of these variables.

Measures of social cognition. Researchers and clinicians have grappled with formal
measures of social cognition to account for observed social-emotional deficits. Many have found
it difficult to develop measures that translate into real world social and emotional development.
Currently, there is no exhaustive ability-based social cognition battery that has established
psychometric properties. A review of the measures is helpful in understanding the state of the
literature and determining future directions.

Measures examining emotion perception include recognition of emotion in facial
expressions, vocal tone or prosody, and other nonverbal cues (e.g., body language). The most
widely used and developed measures in this domain are affect recognition in faces. Generally,
these measures attempt to represent universally recognized primary emotions, such as happiness,
sadness, fear, surprise, disgust, and anger (Ekman & Friesen, 1971). Measures available in
children include the Affect Recognition subtest on the Developmental Neuropsychological
Assessment-Second Edition (NEPSY-II; Korkman, Kirk, & Kemp, 2007), Japanese and
Caucasian Facial Expressions of Emotion (JACFEE; Matsumoto & Ekman, 1988), Frankfurt
Test and Training of Social Affect (FEFA) using faces morphing photographs (Pelc et al., 2006),

Ekman and Friesen (1975) facial expression photographs, and Cohn Kanade AU-coded Facial
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Expressions Database Facial Emotion Matching (FEM; Tian, Kanade, & Cohn, 2001). Another
commonly used measure of emotion recognition is the Diagnostic Analysis of Nonverbal
Accuracy (DANVA; Norwick & Duke, 1994). The DANVA includes subtests that examine
emotion recognition in faces, postures, gestures, and tones of voice (Norwick & Duke, 1994).
Other experimental measures of nonverbal emotion recognition are Reading the Mind in the
Voice (Golan, Baron-Cohen, Hill, & Rutherford, 2007) and Reading the Mind in Films (Golan,
Baron-Cohen, Hill, & Golan, 2006). These are primarily research measures and are not
commonly used in clinical evaluations, with the exception of the NEPSY-II.

Social communication has been largely overlooked in the social cognition literature.
Measures of pragmatic language are often used by speech therapists and are not common
practice in psychological research or clinical assessments. There have been a few measures
developed to measure pragmatic language and social problem solving abilities. For example, the
Test of Problem Solving (TOPS) assesses language-based social thinking abilities and strategies
using logic and experience in children and adolescents. In elementary age children, it addresses
critical thinking in social situations and requires the following areas: making inferences, negative
questions, predicting, sequencing, problem solving, and determining causes (Bowers, Huisingh,
& LoGiudice, 2005). The TOPS for adolescents includes the following subtests: making
inferences, determining solutions, problem solving, interpreting perspectives, and transferring
insights (Bowers, Huisingh, & LoGiudice, 2005). These language based abilities are essential to
understand the nuances of conversations and context of social situations. For example, the
ability to transfer insights from one social situation to the next is necessary for social learning.
Furthermore, being able to comprehend and express sequences of events and generate possible

solutions to problems are socially adaptive cognitive abilities. Other standardized measures of
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pragmatic language include the Pragmatic Composite in the Children’s Communication
Checklist—Revised 2nd edition (CCC-2; Bishop, 2003) and the Test of Pragmatic Language
(TOPL; Phelps-Terasaki & Phelps-Gunn, 1992), which requires children to generate responses to
social situations in pictures. These measures have largely been used with children with autism,
but some studies have examined other populations, such as children with ADHD (Kim & Kaiser,
2000) and TBI (Ryan et al., 2015).

Regarding measurement of attribution, the Social Attribution Task-Multiple Choice
(SAT-MC) and Social Attribution Task (SAT) have been developed and used primarily in
research settings. These assessments aim to capture participants’ social relatedness and
identification of intentions in others (Johannsesen, Lurie, Fiszdon, & Bell, 2013). This can be
accomplished through visual shapes or pictures of people. The use of geometric shapes is
intended to control for verbal and cognitive demands, which may confound results in clinical
populations (Johannsesen et al., 2013). For example, Klin (2000) found that performance on the
SAT was not related to verbal IQ or metalinguistic abilities in children with autism. This
indicates that attributional style, while requiring verbal abilities, is a distinct neurocognitive skill.
Another measure of social attribution is the Children’s Attributional Style Questionnaire/Kastan—
Revised (CASQ-R; Thompson, Kaslow, Weiss, & Nolen-Hoeksema, 1998). This is a self-report
measure that asks children to explain presented situations based on two possible attributions.
This questionnaire may be helpful in identifying maladaptive attributional styles in children
(McQuade, Hoza, Waschbusch, Murray-Close, & Owens, 2011).

There have been many attempts to scientifically measure the real-world skills of theory of
mind and empathy. However, many ToM measures are highly correlated with verbal memory,

verbal 1Q, processing speed, and executive function, which are impacted in many clinical groups
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(Greig, Bryson, & Bell, 2004). Furthermore, both ToM and empathy may be difficult to capture
in a laboratory setting. Despite these limitations, there are standardized and experimental
measures of these social cognitive abilities that have been validated in typical and clinical
populations.

Theorists have made the distinction between lower and higher order ToM abilities
(Baron-Cohen, Leslie, & Frith, 1985; Sodian & Frith, 1992). Lower-order or first-order ToM
generally refers to simpler false belief tasks that often relate to understanding about a location or
contents of an object. False beliefs are the ability to recognize that others can believe or think
differently about the world around them (Lagattuta et al., 2015). For example, the Smarties Test
asks children what they believe is in a chocolate box. They are then shown that there is
something else other than chocolates (e.g., pencils). The children are then asked what they think
another person would think is in the chocolate box (Cassidy, Ropar, Mitchell, & Chapman,
2014). Children tend to pass this test by age 4 or 5 (Gopnik, & Astington, 1988). Another
example is the Sally Anne task (Schneider, Nott, & Dux, 2014) where children are presented
with two dolls or characters in a story named Sally and Anne. Both of these characters have a
marble, basket, and box. Sally places her marble in a basket and Anne moves it into the box
once Sally leaves the room. The child must then accurately answer that Sally would look for her
marble where she left it, in the basket. Typically developing children will often fail this task
under age 3 or 4 (Schneider et al., 2014). Higher-order or second-order ToM tasks are related to
more complex mentalizing situations (Dvash & Shamay-Tsoory, 2014). For example, Happé’s
Strange Stories (1994) is a commonly used measure of these abilities. This measure asks
participants to answer questions about stories or short social vignettes that have aspects that are

not meant to be taken literally. The Hinting Task (Corcoran, Mercer, & Frith, 1995) is another
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widely used measure of ToM. This measure requires participants to infer someone’s intention
based on veiled verbal communication of a character within a story. Interpretation of these types
of stories requires the listener to utilize factors such as emotional expression, preceding context
to statements, and relationships. The distinction between lower and higher-order ToM is
important as some clinical groups or age ranges may master lower order ToM tasks, but
persistently struggle with real world social situations because of higher order ToM deficits.
Furthermore, performance on first and second-order ToM tasks can differentiate clinical groups.
For example, the majority of children with autism fail first-order false belief tasks, whereas
children with ADHD and or ODD often perform more similarly to typically developing peers
(Buitelaar, Swaab, van der Wees, Wildschut, & van der Gaag, 1996).

Other attempts at capturing ToM are examining eye expressions to determine another
person’s mental state (Baron-Cohen et al., 2001) or analyzing abstract components and making
attributions based on moving shapes (Kuzmanovic et al., 2014). However, these measures
overlap substantially with attribution, with disagreement about whether these are distinct
constructs. Some researchers have also divided ToM into emotional and cognitive
subcomponents (Kalbe et al., 2010), which may reflect other researchers’ understanding of the
terms ToM and emotional empathy. For instance, some researchers use the term ToM and
cognitive empathy interchangeably (Grove, Baillie, Allison, Baron-Cohen, & Hoekstra, 2014).
Examples of emotional ToM or empathy are the Empathic Accuracy Paradigm (EAP; Hall &
Schmid Mast, 2007), the Empathy Quotient (EQ; Baron-Cohen & Wheelwright, 2004), and
Balanced Emotional Empathy Scale (BEES; Mehrabian & Epstein, 1972). The EQ is a self-
report measure, whereas the BEES and EAP are experimental measures of empathy. The BEES

shows participants video clips and asks them to rate how positive or negative the person in the
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clip is feeling. The modality of the stimulus and test instructions may influence results. Thus,
the EAP has video, audio, transcript, or silent video stimuli with instructions to either infer
thoughts and feelings, infer thoughts, or infer feelings. In sum, ToM and empathy are complex
constructs without a definitively agreed upon definitions and measurements.

Neuroscientific measures (e.g., fMRI, electroencephalograph [EEG]) are another method
used to assess neurobiological underpinnings of social cognition. For example, one study
presented subjects with paired words with unpleasant and neutral images while measuring event
related potentials (ERPs; Deveney & Pizzagalli, 2008). Participants were told to enhance,
maintain, or suppress their emotions related to the presented material. This was accomplished by
instructing participants to imagine the situation was fake, while in the suppress condition. In the
enhance condition participants imagined the situation was happening to them or a loved one.
The maintain condition consisted of participants being instructed to attend, but not to alter their
emotions or cognition in response to the stimuli. Findings indicated that there were unique
variations in EEG waves when participants attend to and manipulate emotional stimuli.

These types of tasks are conducive when examining adolescent or adult participants.
However, children may have difficulty imagining and monitoring their emotions. Thus,
neuroscientific research with children is often accomplished by completing neuroimaging while
children are engaged in social cognition tasks, such as Happé’s strange stories (Mar, 2011). For
example, studies have demonstrated a ToM network composed of the medial prefrontal cortex,
precuneus, bilateral superior temporal sulcus, left temporal pole, left amygdala, and left superior
frontal gyrus is activated when participants are comprehending false belief stories. While
neuroscientific measures may better address neurobiological correlates of social cognition they

also have limitations. For example, it is unclear whether brain regions activated in story-based
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ToM tasks relate more to basic verbal comprehension or specifically ToM (Mar, 2011). Other
limitations include non-task related neural activity (Frederick, Nickerson, & Tong, 2012), non-
specificity of neurological findings (Weyandt, Swentosky, & Gudmundsdottir, 2013), and the
need for more sophisticated scanning equipment. Furthermore, neuropsychological measures
may correlate more with functional outcomes (Sanders et al., 2014). Thus, many studies use
imaging measures in conjunction with standardized neuropsychological measures.

Many studies refer to the aforementioned measures as measuring different components of
social cognition. For example, the TOPS measures social problem solving abilities and its scales
may overlap with the constructs attribution and ToM. Some refer to attribution as an aspect of
ToM, whereas some researchers consider this a separate construct. One could also make the case
for tasks such as Reading the mind in the eyes or voice as simple emotion recognition or more
complex mentalizing. This ambiguity in the literature about deficits related to clinical groups
makes it difficult to accurately identify which components are affected in clinical groups. The
state of the literature may also reflect the complexity of real world social cognition. For
example, an integration of affect recognition, understanding another’s mental state based on
facial expression, and feeling empathy towards a person based on these perceptions all work in
conjunction within a short time frame. Therefore, it may be difficult to disentangle each
subcomponent of social cognition. Thus, when examining clinical populations, a comprehensive
battery of social cognition measures is warranted to approximate real life social cognitive
abilities. Therefore, consideration of the multiple dimensions of social cognition and the impact
of developmental processes is essential to understanding social cognition in children with

ADHD.
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Social cognition in ADHD

Neural correlates. In ADHD populations, all three of the SOCIAL components and their
associated brain regions have been linked to dysfunction. Studies have examined general
cognitive abilities and their neural correlates that are necessary for appropriate social behavior.
For example, functional changes in particular brain regions have been identified in children with
ADHD while performing response inhibition and selective attention, and learning measures
(Vaidya et al., 2005). Each of these cognitive abilities is also necessary to succeed in social
tasks. For example, initial inappropriate responses need to be inhibited and attention to socially
and emotionally relevant stimuli must be attended to for adequate social functioning.
Hypoactivation in the ventral striatum was identified in adolescents with ADHD during
anticipation of a rewarding stimulus (Scheres, Milham, Knutson, & Castellanos, 2007), but it is
unclear if each of these areas are involved in social rewards and overall social and emotional
processing within this population. Therefore, more research is needed to determine if the
differences in these brain regions are responsible for the aforementioned deficits in social and
emotional cognition in ADHD.

More specific studies have directly examined social cognitive abilities. In general, the
literature indicates frontal-striatal dysfunction and other networks relevant to social cognition
(Uekermann et al., 2010). Individuals with ADHD demonstrate functional differences across
brain regions associated with social cognition (Uekermann et al., 2010). Notably, the
orbitofrontal cortex is especially linked to social abilities in both healthy controls and
participants with ADHD (Cubillo, Halari, Smith, Taylor, & Rubia, 2012). Studies indicate that
these neural pathways create difficulties with both executive functioning and social cognition

(Uekermann et al., 2010). For example, two studies have demonstrated normal activation in the
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amygdala, but enhanced activation of the frontal and posterior cingulate cortex in response to
angry facial expressions (Williams et al., 2008). Findings indicate that children with ADHD
may have altered processing of emotional stimuli. Studies using ERPs also find a reduction of
activity of P120 when processing the emotions anger and fear (Williams et al., 2008). Early and
automatic perception of emotional information is associated with the P120. These neurological
findings have been associated with deficits in emotion recognition, increased emotional lability,
and symptoms of anxiety and depression. These studies clearly indicate that there are biological
differences between control and ADHD groups in social and emotional processing. However,
more research is needed to fully demonstrate the connection between these neural networks and
social cognition as well as social skills deficits.

Neurocognitive evidence. It is clear that children with ADHD exhibit poor social
outcomes. However, neuropsychological data is still in its infancy when it comes to addressing
the underlying social cognitive deficits in this population. Preliminary evidence indicates that
children with ADHD demonstrate difficulty attending to, encoding, and recalling social cues
(Dodge & Newman, 1981; Moore et al., 1992). More specifically, they have difficulty
understanding another’s perspective and assessing the intent of others (Dodge, 1986). Their
difficulty connecting events to short and long-term consequences leads them to be surprised by
negative reactions from others and have poor understanding regarding their ineffective social
responses (Barkley, 1998; Moore et al., 1992). Findings have generally been separated into
measuring affect recognition, communication/language, theory of mind, empathy, and outcome
measures (e.g., social skills ratings). Some of these subdomains of social cognition have clearer

findings in the literature. A thorough investigation of the social cognitive components may offer
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insight into spared and impaired abilities within this population. Once impacted abilities have
been firmly established, treatment interventions can more specifically target social skills deficits.

Emotion perception. It has been generally demonstrated in the literature that children
with ADHD often demonstrate deficits in emotion facial recognition (Cadesky, 2000; Marsh et
al., 2008; Pelc et al., 2006; Sinzig et al., 2008). For example, one study examined children with
ADHD alone, ADHD and autism, and autism alone. Findings indicated that children with both
autism and ADHD had worse deficits in facial emotion recognition than children with only
autism (Sinzig et al., 2008). These unexpected findings indicate that symptoms of ADHD
impact social cognition in children with autism. Another study demonstrated that symptoms of
ADHD affected facial emotion and affective prosody recognition abilities in children with autism
(Oerlemans et al., 2014). Furthermore, studies comparing children with ADHD and autism find
that their emotion facial recognition is comparable (Buitelaar et al., 1999). Conversely, others
have found that children with autism perform worse than those with ADHD on facial emotional
recognition tasks (Downs & Smith, 2004). Thus, further group comparisons are needed to
clarify these findings. It may be that children with autism have more severe emotion recognition
deficits, but that these deficits are still present in children with only ADHD. Despite limitations
and conflicting results across these studies, prior research indicates that ADHD symptoms should
be assessed when working with children with autism or other comorbid disorders. Furthermore,
results of studies examining ADHD and autism indicate that social cognition and ADHD is a
relevant matter of clinical and research interest.

Studies examining participants with only ADHD also find distinct deficits related to
recognition of anger (Pelc et al., 2006; Williams et al., 2008), sadness (Cadesky, 2000; Pelc et

al., 20006), fear (Miller et al., 2011; Williams et al., 2008), generally negative emotions (Bae et
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al., 2009; Da Fonseca, Seguier, Santos, Poinso, & Deruelle, 2008), and more globalized
emotional recognition delays (Yuill & Lyon, 2007). There is also evidence that children with
ADHD also struggle with identifying positive emotions relative to healthy controls (Cadesky et
al., 2000; Da Fonseca et al., 2009; Ludlow, Garrood, Lawrence, & Gutierrez, 2014). Studies
have also examined community samples of children at risk for behavioral and attention
problems, demonstrating similar emotion recognition deficits (Kats-Gold, Besser, & Priel, 2007).
The literature also indicates that poor recognition of angry expressions is particularly associated
with interpersonal difficulties (Pelc et al., 2006). Performance on emotion recognition tasks in
children with ADHD may also be distinct from other behavioral disorders. For instance, children
with ADHD made more random errors than those with only conduct problems (Cadesky et al.,
2000). The implications of these findings are unclear. However, one would expect that
misperception of negative emotions impacts social behavior.

The majority of emotion perception research examines various forms of recognition of
emotion in faces. However, there have been other methods of emotionally relevant tasks. For
example, the emotional Stroop measure is an attempt to capture unconscious emotional biases in
participants (Posner et al., 2011). One study indicated that there was abnormal activity in the
medial prefrontal cortex compared with controls when adolescents with ADHD performed an
emotional Stroop task (Posner et al., 2011). This might indicate differences in emotional
inhibition, which may be associated with emotional regulation deficits in individuals with
ADHD. Other measures relevant to emotional perception are tasks examining retention of
emotional memory. For example, one study found that all children regardless of ADHD status,
remembered negative information best, followed by positive, and neutral information (Krauel et

al., 2009). Children with ADHD also had more difficulty remembering neutral information
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without emotional context compared to healthy controls. This could have implications for
functioning, as problems with immediate attention appears to impact encoding of neutral
information. Thus, those with ADHD may have difficulty remembering neutral information in
conversations as well as emotional information, which could impact social functioning. Other
methods that examine emotion perception are Dual Valence Emotional tests. For instance,
Ibafiez and colleagues (2011) presented faces, words, or faces paired with words with positive or
negative valence. This study indicated that there were differences measured by ERPs when
adults with ADHD were presented with this emotional task. In sum, these studies indicate that
there are a variety of measures and aspects of emotion perception that participants with ADHD
perform poorly on across age groups.

Communication. Aspects of communication relevant to social cognition include affective
prosody, reading nonverbal cues, and pragmatic language. Affective prosody is essential to
social communication and overlaps with the construct of emotion perception. This term refers to
the understanding of emotional tone/inflection in verbal communication (Imaizumi, Furuya, &
Yamasaki, 2009). Prosody is essential to understanding humor, sarcasm, praise, and negative
intent (Imaizumi et al., 2009). Studies indicate that participants with ADHD (Grabermann et al.,
2013; Cadesky et al., 2000) and those at risk for ADHD (Kats-Gold et al., 2007) perform poorly
on tasks requiring recognition of affective prosody. Specifically, one sample of adult men with
ADHD had the most difficulty identifying prosody when the expressed emotional tone was
incongruent with the semantic meaning (Grabermann et al., 2013). The authors noted that this
difficulty with incongruent emotional information could be associated with the well-established
executive functioning deficits in response inhibition. The weaker processing of prosody is also

thought to relate to dysfunction in the serotonin systems impacted in ADHD (Grabermann et al.,
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2013; Oades, 2008) and other clinical groups (Uekermann, Abdel-Hamid, Lehmkamper,
Vollmoeller, & Daum, 2008). Additionally, there are developmental aspects that should be
examined in measuring affective prosody. The literature indicates that typically developing
children older than 8 years of age make less errors when identifying prosody, particularly related
to sarcasm as well as incongruent emotional and semantic information (Imaizumi et al., 2009).
Thus, it appears that adults with ADHD may have developmental delays in reading incongruent
emotional cues.

With regard to social communication, pragmatic language abilities should be addressed.
Research indicates that children with ADHD often struggle with pragmatics, meaning that a child
has difficulty understanding language within a social context (Guerts & Embrechts, 2008;
Staikova, Gomes, Tartter, McCabe, & Halperin, 2013; Véisdnen, et al., 2014). Specifically,
children with ADHD struggle with establishing conversational rapport (Bishop & Baird, 2001)
and comprehending figurative language (Leonard et al., 2011). Studies have also demonstrated
that children with ADHD and children with autism do not substantially differ in the pragmatic
language abilities (Geurts et al., 2004; Bishop & Baird, 2001). However, further research is
needed to validate and characterize pragmatic language skills in children with ADHD.

Attributional style. Attributional style has largely been examined when investigators are
interested in comorbid mental health issues in children with ADHD. Studies also interpret
hypotheses and results in terms of social information processing theory, described previously.
Children and adults with ADHD commonly receive secondary diagnoses of depression, anxiety,
ODD, and CD (Johannesen et al., 2013). The way in which someone describes the causes of
experiences or events is often associated with developing the symptoms within these disorders.

For example, studies suggest that negative external attribution biases relate to behavioral issues,
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such as increased aggression (Becker, 2014). Conversely, negative internal attributional biases
are correlated with internalizing symptoms, such as depression and anxiety (Becker, 2014).
Overall, studies suggest that negative attributional styles are related to increased mental health
symptoms and self-esteem (Treuting & Hinshaw, 2001). This is because negative attributions
are linked to feeling helpless to enact change over events or one’s life (Schepman, Fombonne,
Collishaw, & Taylor, 2014). Having this external locus of control over events is associated with
length and severity of depression. In children, a strong external locus of control in social events
is associated with higher self-ratings of loneliness (Crick & Ladd, 1993). On the other hand,
having stable and global attributions about positive events and unstable and specific attributions
about negative events is related to healthy cognitive development. In other words, those with
few depressive symptoms attribute their successes to their abilities and attribute failures to
external factors (e.g., specific aspects of a task). Those with greater symptoms of depression and
anxiety frequently attribute positive events to external factors and failures to internal factors
(e.g., their lack of ability). Research indicates that individuals with ADHD demonstrate the same
cognitive patterns depending on whether they are experiencing depression or anxiety (McQuade
etal., 2011). Studies also indicate that children with ADHD are more likely to attribute hostile
intentions from others than their peers (Andrade, Brodeur, Waschbusch, Stewart, & McGee,
2009). These principles have implications for social functioning. For example, if a child has a
tendency to attribute negative or hostile intentions in others, their behavior will likely lead to
peer rejection. Furthermore, attributional biases can lead to poor self-esteem and increase the
likelihood of negative social interactions. Research indicates that lower self-esteem and strong
external attributions about both positive and negative events is associated with more aggression

in boys with ADHD and callous unemotional traits (Haas, Waschbusch, King, & Walsh, 2014).

32



Thus, assessing and intervening in negative attributional styles could improve social functioning.
However, attributional styles are more directly related to comorbid mental health disorders, such
as anxiety, depression, and conduct disorder. Since the focus of the proposed study is on ADHD
and not these other disorders, this aspect of social cognition will not be examined. However,
future studies may find it beneficial to assess attributional style when comorbid conditions are
present.

Theory of mind. Few studies have addressed ToM in ADHD (Uekermann et al., 2010),
which is an essential component of social cognition that should be assessed given the social
delays in this population. As previously indicated, there is a distinction between cognitive and
emotional ToM and empathy, with some overlapping of these terms in the literature.
Neuroimaging studies also indicate that empathy and ToM share similar yet distinct neuronal
networks (Vollm et al., 2006). Engagement in empathy tasks exhibits activation of the
paracingulate cortex, anterior and posterior cingulate cortex, and the amygdala. Engagement in
theory of mind tasks is often more associated with the lateral orbitofrontal cortex, middle frontal
gyrus, cuneus, and superior temporal gyrus. Therefore, while interrelated empathy and theory of
mind can be considered unique neurocognitive constructs. Furthermore, the distinction between
lower and higher-order ToM tasks are important to specifically address social cognitive deficits
within clinical populations. Overall, the literature is rather mixed when it comes to identifying
deficits in cognitive theory of mind performance in participants with ADHD. Some of the
conflicting results may be due to the lack of clarity in identifying and measuring ToM. A review
of findings is useful in guiding the hypotheses of the current proposed study.

Regarding lower-order cognitive ToM or simple false belief tasks, research indicates that

children with ADHD or those at risk for developing ADHD often perform similarly to healthy
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controls (Perner et al., 2002; Hughes et al., 1998). These findings are not surprising, given that
many children with autism also pass first-order cognitive ToM measures (Ozonoff, Pennington,
& Rogers, 1991). Research is mixed as to whether children with ADHD perform poorly on high-
order cognitive ToM tasks. Some studies find significant differences between participants with
ADHD and healthy controls (Buitelaar et al., 1999; Sodian & Hiilsken, 2005), whereas some
studies do not find differences in children with ADHD (Charman et al., 2001; Dyck et al., 2001)
or those at risk for developing the disorder (Perner et al., 2002) and control participants.
Discrepancies could be due to differences in samples (e.g., comorbidity, gender, age, subtype) or
methodology (e.g., type of measure). For example, the study by Buitelaar and colleagues (1999)
only included 10 participants with ADHD. Sodian and colleagues (2003) indicated that children
with ADHD had the most difficulty with ToM tasks when there were higher demands for
response inhibition. These authors concluded that children with ADHD may not have deficits in
theory of mind, but that poor inhibitory control impacts theory of mind abilities with higher
demands for executive control (Sodian et al., 2003). Thus, the severity of impulsivity or
response inhibition in children with ADHD may confound or exacerbate deficits in ToM.
Another open issue regarding social cognition in children with ADHD is the relationship
between cognitive ToM and executive function (Uekermann et al., 2010). The relationship
between these cognitive abilities has been established in typically developing children (Carlson,
Moses, & Breton, 2002) and other clinical groups, such as autism (Ozonoff et al., 1991), TBI
(Robinson et al., 2014), and schizophrenia (Couture, Granholm, & Fish, 2011). There are
multiple theories as to how executive skills interact with complex social cognitive tasks (Kain &
Perner, 2003). One theory indicates that ToM abilities result in self-insight and resulting ability

to enact self-control. Another theory indicates that as executive functioning improves, ToM
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abilities improve as well. However, findings by Perner and colleagues (2002) contradict the
second theory. This study found that children with ADHD performed poorly on executive
functioning measures, but had intact abilities demonstrated on second-order false belief tasks.
Complicating the matter, is research suggesting that executive functioning is independent of
social impairment (Huang-Pollock et al., 2009; Diamantopoulou et al., 2007; Bierderman et al.,
2004). In sum, the literature is conflicted as to the extent cognitive ToM and executive
functioning are associated, particularly in those with ADHD.

Another area of clinical and research interest is which executive functioning abilities are
most associated with ToM. The broadness of measures deemed assessing executive functioning
may account for some of the discrepancies in the relationship between executive and social
functioning. For example, working memory and inhibitory control are particularly related to
ToM performance (Fahie & Symons, 2003). Findings may differ depending on the ToM
measure. For instance, Ahmed and Miller (2011) found that verbal fluency and deductive
reasoning abilities on the Delis-Kaplan Executive Function System (D-KEFS) were most
predictive of performance on the Strange Stories Test. This study also demonstrated that verbal
fluency, problem solving, and gender were significant predictors of performance on the Faux Pas
test. These findings indicate that assessment of specific components within the broad domain of
executive functioning may be more relevant than others to ToM skills. While research has been
conducted in this area, there are few studies examining specific executive functioning abilities in
relation to ToM in ADHD. Of those that exist, the research indicates that inhibition and planning
are particularly related to ToM abilities (Charman et al., 2001). However, other executive
functioning abilities, such as verbal fluency and deductive reasoning have not been examined in

children with ADHD. This should be addressed given the established executive deficits in this
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group. There may be unique patterns of performance in children with ADHD when their ToM
and a wide range of executive skills are compared.

Finally, another area needing attention is the relationship between language skills and
cognitive ToM. It is generally accepted that verbal abilities are necessary for understanding false
belief tasks (Slade & Ruffman, 2005). However, it is unclear the extent to which poor pragmatic
language abilities may be impacting children’s performance on ToM measures. Some have
argued that language abilities have a causal role in ToM development. Furthermore, certain
components such as syntax, pragmatics, or receptive language may differentially impact ToM
development (Slade & Ruffman, 2005). However, it is unlikely that cognitive ToM and
language could be disentangled within measures and real world social situations.

The literature has largely examined cognitive ToM and ignored the affective component
regarding an understanding of another’s feelings. From a theoretical perspective, it seems
unlikely that children could demonstrate deficits in basic emotion perception and have intact
complex social cognitive abilities related to emotion. Furthermore, the understanding of
another’s emotion is essential to expressing empathic concern. Thus, a further investigation of
complex social cognitive abilities related to emotion is warranted. Thus far, few studies have
investigated affective ToM. One study indicated that medication improved emotional ToM
performance in children with ADHD (Maoz et al., 2014). Thus, it is likely that untreated
children struggle with emotion based ToM tasks. Another study conducted by Demurie and
colleagues (2011) indicated that participants with ADHD perform similar to controls and better
than participants with autism on the Reading the Mind in the Eyes Test. However, this study

only included 13 participants with ADHD. Thus, examination of this task would be beneficial

36



with a larger sample, given prior evidence of deficits in emotion perception in children with
ADHD.

Empathy. Empathy has often been examined in clinical populations with social skills
deficits. Cognitive empathy relates to a person’s intellectual identification with the thoughts of
others, while affective empathy relates to the emotional reactivity to another’s feelings (Dadds et
al., 2008). There has been particular research attention to understanding empathy or lack thereof
in relation to aggression. As children with ADHD often exhibit high rates of aggression and
antisocial behavior, it is no surprise that empathy would be an important social cognitive factor
to explore. Thus, some studies have addressed this matter and found deficits in empathic
accuracy in individuals with ADHD (Braaten & Rosen, 2000; Demurie et al., 2011; Downs &
Smith, 2004; Dyck et al., 2001; Yuill & Lyon, 2007). For example, Braaten and Rosen (2000)
examined children’s empathy for characters in fictitious stories. Stories included
positive/negative and simple/complex feelings. This study found that children with ADHD
exhibited less of a match between their own emotions and the fictitious characters’ feelings when
compared to control participants. The clinical group also had less character-centered
explanations which may indicate difficulties labeling and explaining another’s emotion in
context.

Another example of deficits in empathy is a study conducted by Demurie and colleagues
(2011), demonstrated that adolescents with ADHD also have difficulty with perspective taking in
an empathic accuracy task (Ickes, Stinson, Bissonnette, & Garcia, 1990). This task was
developed in an attempt to capture naturalistic social situations involving empathic
understanding. Many social cognition measures across domains are limited in that they have

poor ecological validity. The empathic accuracy task is unique in that it has participants view
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and rate their own video recorded interactions. Adolescents with ADHD performed somewhat
better than those with ASD and worse than typically developing peers. Although results were
not statistically significant, which was likely due to limited power, the authors argue that
empathic understanding in individuals with ADHD is somewhat abnormal. These findings are
consistent with comments made by Barkley (2014) that poor inhibitory control results in less
empathy and poor perspective taking abilities in children with ADHD. Further studies are
needed to confirm this hypothesis. The studies that have examined empathy have combined the
cognitive and affective components. However, current research indicates that these are distinct
abilities (Dadds et al., 2008). Furthermore, cognitive empathy may be less affected than
emotional empathy in children with ADHD, based on performance on other social cognitive
tasks. However, differential impairment of these abilities awaits investigation.

Outcome measures. Demonstrating the relationship between social cognition and
functional outcome measures is necessary to determine if research based social cognition
measures translate into real world social behavior. Some studies have included outcome
measures within their research battery and correlated ratings of social behavior with social
cognition measures (Bae, Shin, & Lee, 2009; Charman et al., 2001; Pelc et al., 2006; Williams et
al., 2008). For example, Charman and colleagues (2001) examined social competence through
the socialization domain of the Vineland Adaptive Behavior Scales—Survey Edition (VABS:
Sparrow, Balla, & Cichetti, 1984) and the Active Sociability Scale (Frith et al., 1994). Findings
indicated that these measures of social ability were significantly correlated with ToM (Happé’s
Strange Stories) and executive functioning scores (Tower of Hanoi). Another study by Pelc and
colleagues (2006) found that poor performance on facial emotion tasks was significantly

correlated with ratings of interpersonal problems, as measured on the Inventory of Interpersonal

38



Problems (Horwitz Rosenberg, Baer, Urefo, & Villasefior, 1988). The primary limitation across
these studies is the use of parent ratings to measure social skills. However, few standardized
measures directly examining real world social behavior exist. It may be beneficial to use
clinician ratings (Williams et al., 2008) or teacher ratings (Bae et al., 2009) of social skills or
social problems, which some studies have done. Studies may also benefit from using ratings
from multiple informants (e.g., teachers, parents, clinicians) to measure social behavior in
different contexts. For example, Bae and colleagues (2009) found that recognizing negative
affect was significantly related to teacher’s ratings of aggression in participants. Level of
aggression may only be accurately assessed by parents and teachers who have the opportunity to
observe aggressive behavior at home and in school on a regular basis. Clinician ratings are
limited because of the cost and time associated with naturalistic behavior observations of
participants. Furthermore, participants are less likely to act in an aggressive manner within the
confines of a highly-structured laboratory assessment procedure. While clinicians may be more
skilled at examining social reciprocity, or reading of social cues, they have limited ability to
observe peer relationships and aggression. Therefore, the benefits and drawbacks to each
informant of social skills should be considered. Regardless of limitations, the examination of the
relationship between social cognitive performance and functional ratings is essential to any study
investigating social development. It is clinically useful to determine this relationship, as
behavior ratings are commonly used to assess social and emotional problems in children. This
examination could assist in understanding the extent to which social cognitive measures relate to
real world behavior as perceived by caregivers.

ADHD symptomatology and social cognition. While children with ADHD may have a

high interest in peers, their inattention, impulsivity, and hyperactivity may interfere with their
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ability to read social situations leading to negative feedback and rejection from peers. Few
studies have directly investigated the differential impact that symptoms of hyperactivity,
impulsivity, and inattention have on social cognition as well as social skills. Despite the paucity
in the literature, there are some studies that address this matter (Kofler et al., 2011; Grzadzinski
et al., 2011) that may provide insight into this matter and guide study hypotheses.

It may be that components of social cognition (e.g., cognitive ToM) are intact when
children with ADHD are prompted in a controlled environment. Some studies suggest that
children with ADHD do not lack social knowledge, but have difficulty utilizing their knowledge
in real world settings (de Boo & Prins, 2007; Huang-Pollock et al., 2009). Therefore, social
skills deficits may be more related to performance abilities than social cognition (Kofler et al.,
2011). Some researchers have focused their attention on core symptomatology as a reason for
social performance deficits rather than deficits in social cognition (Kofler et al., 2011).
However, there remains disagreement as to the neurocognitive mechanisms and extent to which
symptomatology is responsible for these social problems. For example, Grzadzinski and
colleagues (2011) found that poor social cognition and autistic traits in children with ADHD
could not be fully accounted for by ADHD symptomatology. Furthermore, while social
difficulties improve with treatment of ADHD symptoms (Williams et al., 2008), they still remain
present even after symptoms subside (McQuade & Hoza, 2008). Therefore, symptoms may
exacerbate, but not cause mild social cognition deficits thought to be present in children with
ADHD. Conversely, it could be that ADHD symptomatology prevents early social cognitive
development resulting in continued delays after symptoms are treated. Thus, a thorough
investigation on the impact of each symptom domain on social cognition may provide insight

into this issue.
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As indicated previously, current conceptualizations of attention indicate that the broad
construct of attention can be divided into focusing/selective, sustaining, shifting, and encoding
components (Mirsky et al., 1991). Children with ADHD often demonstrate deficits in sustained
attention, encoding, and attention directed toward non-preferred tasks (Thaler et al., 2010).
Sustained attention is generally defined as long term attentional maintenance to a task (Sullivan
et al., 2007). This component of attention is often measured by tasks such as the Continuous
Performance Test (CPT; Conners, 2000), which requires participants to complete simple and
somewhat monotonous tasks with continued vigilance to visual stimuli. These measures have
often been used in the diagnostic process of assessing for ADHD, as many adults and children
with ADHD struggle with these tasks (Sullivan et al., 2007). Research indicates that
performance on sustained attention predicts social problems in both healthy controls and children
with ADHD (Andrade et al., 2009). Conversely, selective attention is not associated with teacher
ratings of social skills. Deficits in sustained attention has the potential for wide ranging social
consequences. For example, sustained attention may be particularly relevant to social situations,
as extended periods of focus to conversations, facial expressions, and body language are
necessary for reading and understanding social cues. There is some research support for a
relationship between sustained attention and measures of emotional recognition in faces (Sinzig
et al., 2008; Shin, Lee, Kim, Parke, & Lim, 2008) and voices (Sinzig et al., 2008). Thus,
children with ADHD may miss and fail to encode these relevant cues resulting in poor social
responses. They may also miss out on opportunities to demonstrate social reciprocity, impacting
the development of peer friendships. Poor sustained attention may also impact a child’s ability

to understand and appropriately follow directions in a game, which could lead to peer rejection.
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Therefore, sustained attention may serve as a useful target for treatment intervention for social
skills deficits in ADHD.

There is debate in the literature about the uniqueness of hyperactivity and impulsivity as
separate symptom domains (Toplak et al., 2009). Much of the research investigating ADHD
symptomatology and social cognition examines impulsive and hyperactive symptoms as one
category. However, research indicates that these two symptoms are unique in their neural
correlates (Dalley, Mar, Economidou, & Robbins, 2008), neuropsychological performance
(Brocki et al., 2010; Raiker et al., 2012), relation to behavioral outcomes (McKee, 2012; Palili et
al., 2011), and symptom course (Larsson et al., 2006; McAuley et al., 2014). Therefore, the
current study will examine hyperactivity and impulsivity as separate symptom categories.

Hyperactivity often refers to the excessive motor activity related to dysfunction in
involuntary motor and arousal systems (Lijffijt, Kenemans, Verbaten, & van Engeland, 2005;
Shim, Stratford, & Wirshafter, 2014; Teicher, Polcari, Fourligas, Vitaliano, & Navalta, 2012).
Regarding social situations, hyperactivity may lead to a child getting out of their seat repeatedly
throughout class. Children may be labeled as a classroom disruption and become unpopular
among their peers. A significant correlation between ratings of hyperactivity and social
problems has been demonstrated in other studies (Andrade et al., 2009; Leonard et al., 2011). A
study by Leonard and colleagues (2011) indicated that the relationship between hyperactivity and
social skills problems was fully mediated by pragmatic language abilities. Thus, hyperactivity
alone may not account for social skills problems in children with ADHD. The authors of this
study suggest that most of our social interactions rely on language and communicative abilities.

Thus, the combination of excessive motor activity and poor social communication may interact
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to disrupt social skills. Furthermore, the lack of control over motor, verbal, and behavioral
decisions may lead to poor filtering of ineffective social strategies.

Impulsivity is also thought to significantly impact social interactions, perhaps more so
than hyperactivity. For instance, symptoms of impulsivity often persist beyond adolescence and
have continued social implications into adulthood, whereas hyperactivity often remits in
adolescence (Larsson, Lichtenstein, & Larsson, 2006; McAuley, Crosbie, Charach, & Schachar,
2014; Moya et al., 2012). Impulsivity is associated with poor response inhibition and rash
decision making processes that can impact social and emotional behavior (Grzadzinski et al.,
2011). For instance, symptoms of impulsivity are associated with aggression (Siznig et al.,
2008), inappropriate intruding in conversations or during play (Abikoff et al., 2002), and
increased rejection from peers (Greene et al., 1996; Hoza et al. 2005). Another consequence of
impulsivity could be saying hurtful things due to poor response inhibition and emotional liability.
Impulsivity is often assessed through verbal and motor response inhibition tasks, such as
commissions on continuous performance tasks (Raiker, Rapport, Kofler, & Sarver, 2012). Thus
far, there is some support for the relationship between ratings of impulsivity (Bae et al., 2009),
response inhibition (Sinizig et al., 2008), and affect recognition abilities in children with ADHD.
These studies provide support for the influence of impulsivity on social cognition in the
population of interest to this study. Further research is needed to replicate these findings, as well
as examine the impact of impulsivity on other aspects of social cognition (e.g., empathy and
theory of mind).

Insight into the impact of symptomatology can also be gained by studies examining
social cognition and behavior in ADHD presentations. Studies have suggested that children with

combined symptoms are more likely to have behavioral and social problems than children with
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predominantly inattentive symptoms (Gaub & Carlson, 1997; Semrud-Clikeman, 2010).
Research has demonstrated that the inattentive presentation is associated with more deficits in
social knowledge (Maedgen & Carlson, 2000; Wheeler & Carlson, 1994) and assertiveness
(Solanto et al., 2009). The sluggish cognitive tempo (SCT) often found in children with the
predominately inattentive type is also associated with higher social withdrawal, low leadership
abilities (Marshall et al., 2014), and broader social functioning deficits (Becker & Langberg
2013; Becker et al. 2014; Carlson & Mann 2002). Research also indicates that children with
higher rates of a SCT have more inattention to subtle social cues (Mikami, Huang-Pollock,
Pfiffner, McBurnett, & Hangai, 2007). The increase on social withdrawal may lead to limited
opportunities for social engagement (Mueller et al., 2014). Fewer instances of social learning
could potentially impact the development of social cognition. Yet demonstration of a sluggish
cognitive tempo may have a socially protective factor because these symptoms are associated
with exhibiting less hostility (Mueller et al., 2014). Children with the combined presentation
have more problems with self-control (Solanto et al., 2009), aggression (Becker et al., 2013), and
they are less liked by peers (Wheeler Maedgen & Carlson, 2000). Both subtypes are at risk for
social alienation and are less cooperative than their peers (Solanto et al., 2009). In sum, these
studies suggest that ADHD presentations/subtypes are both at risk for social functioning
difficulties, but for different underlying reasons. While it can be helpful to assess subtypes
separately, a symptom dimensional approach may be more beneficial given the temporal and
diagnostic instability of ADHD subtypes/presentations (Lahey et al., 2005; Lee et al., 2008;
Todd et al., 2008). Therefore, the current study will examine ADHD symptomatology, but not

separate ADHD presentation in hypotheses and analyses.
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Another factor to consider regarding symptomatology, is the relationship between core
symptoms and behavioral problems in ADHD. Conduct problems are thought to arise from
ADHD symptomatology and there may be a causal role in social functioning deficits (Andrade &
Tannock, 2014). As conduct problems arise, children may be punished by removing the child
from social situations. Therefore, as teachers and/or parents provide consequences for
inappropriate behavior, children become more limited in their opportunities for social learning
and exposure to adaptive prosocial behavior (Andrade et al., 2009). Thus, children with ADHD
and conduct problems may benefit from supplemental training on prosocial behavior due to the
possibility of limited exposure to positive social learning. Specifically, they could benefit from
instruction in appropriately waiting their turn in conversations or play and developing coping
strategies for impulsive behavior. Not surprisingly, a study conducted by Andrade and
colleagues (2014) indicated that higher teacher ratings of prosocial behavior are associated with
less conduct problems. This study also indicated that symptoms of inattention, hyperactivity,
and impulsivity predict greater peer problems. However, this study examined a community
sample and awaits investigation in children diagnosed with ADHD.

Overall the research suggests that ADHD symptomatology has a relationship with social
cognition and behavioral functioning. From a theoretical and empirical perspective, inattention
and impulsivity appear to have the most influence on social cognition and social skill deficits in
children with ADHD (Celestin-Westreich & Celestin, 2013). Additionally, there is support for
similar neurobiology governing ADHD symptomatology and social cognition (Weyandt et al.,

2013). However, this research is rather sparse and there is a need for further exploration.
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Limitations and Future Directions

Limitations within the literature include small sample sizes (Buitelaar et al., 1999;
Demurie et al., 2011), reliance on self-ratings of social knowledge (Maedgen & Carlson, 2000),
and not examining the relationship between social cognition performance and measures of
functional outcomes. Many studies also did not explore the impact that core ADHD
symptomatology has on social cognition performance. Those that have examined
symptomatology have largely investigated ratings of social behavior and not performance on
social cognition measures (Solanto et al., 2009). Furthermore, many studies measuring social
cognition, particularly ToM, have examined children at risk and not formally diagnosed with
ADHD (Perner et al., 2002; Hughes et al., 1998). It is unclear whether these children will go on
to develop the disorder. Thus, there is need for assessing social cognition deficits in a well-
characterized ADHD population.

A major limitation in the research is that many studies only examined male participants
(Braaten & Rosen, 2000; Charman et al., 2001; Grabermann et al., 2013; Grzadzinski et al.,
2011; Shin et al., 2008). This is likely due to the higher prevalence rates of ADHD in males
(APA, 2013), as well as a higher propensity for behavioral disturbances (Biederman et al., 2014).
Attention problems in girls may often go unrecognized and undiagnosed because of the
decreased likelihood of disruptive behavior (Hinshaw, 2002). However, some studies indicate
that girls with ADHD also have social difficulties (Gaub & Carlson, 1997; Hinshaw, 2002).
Thus, research investigating underlying social cognitive factors and symptomatology should

include females in their sample.
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Conclusion

A review of the current literature indicates that children with ADHD demonstrate
impairment in emotion perception and social communication. However, it is unclear the extent
to which cognitive and affective ToM and empathy are impacted in the disorder. This is likely
ambiguous because of the sparse data, conflicting results, and differences in measurements and
definition of constructs. For example, some studies combine cognitive and affective ToM and
empathy into one measurement or social cognitive domain. However, separating these
components into distinct categories could provide more insight into spared and impaired
abilities. Therefore, for the purposes of the proposed study, ToM is defined as the understanding
of another’s thoughts and emotions. Empathy requires this understanding, but refers to a
person’s cognitive or emotional reactivity to another’s thoughts and feelings. It is plausible that
a person could understand another’s cognition and affect, but be unmoved by this understanding
on a consistent basis. Given previous evidence that emotion perception is particularly affected in
ADHD, it is likely that more advanced social cognitive components of affective ToM and
empathy are also impacted. Thus, it may be that children with ADHD do not lack an intellectual
awareness of another’s thoughts, but that the affective components of social cognition are
developmentally delayed.

Data for the proposed study could provide insight into the cognitive underpinnings of
social problems, as well as demonstrate their relationship with behavioral outcomes. Results
may be used in guiding empirically based interventions targeting social cognition and social
skills in children with ADHD. Social skills training programs could be developed to address
specific social cognitive deficits in this population. For example, if the affective components of

social cognition are impacted in ADHD, training programs targeting these skills could be
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beneficial. Furthermore, it could be useful in identifying the relationship between social
cognition and specific behavioral outcomes. Specifically, the current study proposes to examine
ratings of the problematic behaviors of aggression, conduct problems, and social problems,
which are often observed in children with ADHD. The current study will also examine the
relationship between social cognitive performance and prosocial behaviors of cooperation, self-
control, assertion, and responsibility. These behaviors are likely to be impacted if a child is
delayed in their recognition and understanding of social-emotional situations. Conversely,
interventions targeting deficits in social cognitive abilities could increase prosocial behavior.
Results of the proposed study may provide data about the relationship between ADHD
symptoms and social cognitive deficits. Thus far, there is some evidence supporting the
relationship between inattention and performance on social cognitive measures of affect
recognition. However, few studies have included other social cognitive measures beyond affect
recognition tasks. It would be expected that ADHD symptomatology would impact more
advanced social cognitive tasks, if basic emotion recognition is affected. The relationship
between the other symptom domains and acquisition of social cognitive skills is less clear, with
sparse evidence. Overall, the literature demonstrates a relationship between impulsivity,
hyperactivity, and poor social skills. However, this could be due to performance and/or social
knowledge deficits. Impulsive and hyperactive behavior may lead to limited opportunities for
exposure to social information and subsequent poor performance on social cognitive measures.
Therefore, the present study will address this matter by examining the relationships and unique
contributions of each symptom domain on multiple domains of social cognitive performance.
From a theoretical perspective, ADHD symptoms could interfere with adequate encoding and

storage of social and emotional information. Therefore, performance on social cognitive
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measures could be delayed due to this interference. It is expected that the more severe the
symptoms of ADHD, the greater the delay in acquisition of social cognitive information. While
the current study cannot fully address this matter, data could provide a foundation for future
research.

Finally, the proposed study will examine the relationship and relative contribution of
social cognitive performance and functional outcomes. The relationship between social
cognition and social behavior is established in other clinical groups. However, little research has
examined this question in ADHD and the relative importance of each social cognitive variable in
predicting functional outcomes. From a theoretical perspective, the affective areas of social
cognition are likely most impacted in ADHD. Therefore, these components may have the most
impact on social skills in this population. In sum, the proposed study will address the underlying
mechanisms resulting in poor social skills and defiant behavior in children with ADHD.

Study Hypotheses

This study will examine the relationship between ADHD symptomatology, social
cognition, and functional ratings. Specifically, it is predicted that

1) Children with ADHD will perform significantly poorer than healthy controls on

measures of affect recognition, affective theory of mind, and affective empathy.

2) Symptoms of inattention, hyperactivity, and impulsivity will be significant predictors

of performance on social cognitive measures.

3) Performance on social cognitive measures will be significant predictors of functional

ratings.
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Chapter 3
Methodology
Participants

Participants were children from ages 7-13 consisting of 25 healthy control participants
with no clinical diagnosis (NC), 25 participants diagnosed with Attention-Deficit/Hyperactivity
Disorder (ADHD). All participants had a parent present to provide informed consent. Children
were included in this study if they received a diagnosis of ADHD Combined Presentation
(ADHD-C) or ADHD Inattentive Presentation (ADHD-I) from a psychologist or physician.
Participants were excluded from the study if English was not their primary language and/or they
had comorbid autism spectrum disorder, traumatic brain injury, or other neurological conditions.
Additionally, participants were excluded from the NC group if they had another DSM-5
diagnosis, a past history of ADHD, or first-degree relative with ADHD. All participants
abstained from taking psychostimulant drugs 24 hours prior to the day of testing.

Measures

Diagnostic measures.

Kiddie-Sads-Present and Lifetime Version (K-SADS-PL). The K-SADS is a semi-
structured interview to assess current and lifetime symptomatology. The K-SADS was used to
confirm diagnoses of ADHD in the clinical group and to rule-out psychiatric conditions in
control participants. Interviews were conducted with the parent that attended the evaluation with
their child. The K-SADS assesses the following diagnostic categories:

Supplement #1: Affective Disorders (includes assessment of Major Depression,

Dysthymic Disorder, Hypomania, and Mania)

Supplement #2: Psychotic Disorders
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Supplement #3: Anxiety Disorders (includes assessment of Panic Disorder, Separation
Anxiety Disorder, Social Phobia, Phobic Disorders, GAD, OCD, and PTSD)
Supplement #4: Behavioral Disorders (includes assessment of ADHD, ODD, and
Conduct Disorder)

Supplement #5: Substance Abuse Disorders

Supplement #6: Eating Disorders

Supplement #7: Tic Disorders

Supplement #8: Autism Spectrum Disorders

Intelligence.

Wechsler Intelligence Scale for Children Fifth Edition (WISC-V). The WISC-V was
administered to all children as a standard measure of intelligence. The WISC-V is a five-factor
intelligence battery for children between 6 and 16 years of age.

WISC-V Verbal Comprehension Index (VCI). This index involves the expression of
verbal concepts, application of previously acquired verbal knowledge, and academic aptitude.
These skills are greatly impacted by a child’s education and familiarity with U.S. culture. The
VCI is composed of the following subtests:

Vocabulary. This subtest requires a child to define words with increasingly
difficult vocabulary.

Similarities. This task assesses a child’s ability to recognize conceptual
similarities between words.

WISC-V Visual Spatial Index (PRI). The VSI assesses nonverbal reasoning abilities
requiring attention to visual elements and spatial skills. This index is composed of the following

subtests:

51



Block Design. This task involves arranging blocks to match a designated pattern
within a specified time limit.
Visual Puzzles. Participants must mentally manipulate geometric shapes to form a
puzzle.

WISC-V Fluid Reasoning Index (FRI).
Figure Weights. Participants use reasoning abilities to identify similarly weighted
objects on scales.
Matrix Reasoning. Participants choose pictures to complete a visual and
conceptual pattern.

WISC-V Working Memory Index.
Picture Span. Participants were asked to identify pictures in the order in which
they were briefly seen previously.
Digit Span. Participants were asked to repeat an increasing series of numbers
forwards, backwards, and in order from smallest to largest.

WISC-V Processing Speed Index.
Coding. Participants quickly copied geometric symbols or numbers that are paired
with numbers according to a key.
Symbol Search. Children identified the presence or absence of a target symbol in a
row of geometric symbols.

Academic measures.

Woodcock Johnson Tests of Achievement Fourth Edition (WJ ACH-1V). The Applied

Problems, Letter Word Identification, and Spelling subtests of the WJ ACH-IV were used to

screen for an indication of learning problems in participants to characterize the sample.
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Demographic ratings.

Petersen Puberty Scale. The Pubertal Development Scale consists of items used to
ascertain pubertal status for subjects. This scale is beneficial in determining developmental
status, which can impact neurocognitive development.

Child and Adolescent Disruptive Behavior Inventory (CADBI). The CADBI Screener is
a brief questionnaire consisting of 25 items related to oppositional behavior. Part 1 and Part 2
(items 1-16) were administered.

ADHD symptomatology.

DSM ADHD Symptom Rating Scale (DSM-ADHD-SRS). ADHD Symptoms were
assessed with the DSM-ADHD-SRS, which is an 18-item scale adapted from the ADHD Rating
Scale-IV (DuPaul, Power, Anastopoules, & Reid, 1998). The DSM-ADHD-SRS was completed
by each child’s parent, and operationalizes the 18 Criteria A symptoms from the DSM-IV and
DSM-5 for ADHD. Parents were instructed to rate symptom severity. Consistent with the
DSM-5, nine items were designed to explicitly capture symptoms of inattention, seven for
hyperactivity, and three for impulsivity. The frequencies of behavioral symptoms were
quantified by using a four-point Likert-type rating scale including: 0 = never or rarely, 1 =
sometimes, 2 = often, and 3 = very often. Previous work has demonstrated that the scale has
high internal consistency (Cronbach’s a = .88) and measures three distinct symptom domains
(Parke et al., 2015; Thaler et al., 2013).

Emotion perception.

NEPSY-II Affect Recognition subtest. The NEPSY-II Affect Recognition subtest
involves asking whether or not two faces show the same affect followed by a second task asking

for the selection of two photos from 3-4 with the same affect. A third task requires participants
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to select one of four faces that show the same affect as the photo at the top of the page. Finally,
participants were briefly shown a face and then asked to select two photos that depicts the same
affect as the photo previously seen.

Social communication.

Children s Communication Checklist-2 (CCC-2). The CCC-2 is a 70-item parent or
caregiver rating scale to assess a child’s language skills. The social initiation, detection of
context, nonverbal communication, social relationships, and interests scales were used in the
analyses.

Affective theory of mind.

The Reading the Mind in the Eyes Test (Eyes Test). The Eyes Test (Baron-Cohen et al.,
2001) is a test of affective theory of mind in which a participant is presented with items
comprised of photographs of the eye-region of different actors and actresses on a computer
screen. Four words describing emotions were presented at the four corners of the paper. The
participant was prompted to state which emotion word was best captured by the eyes. While this
measure is similar to affect recognition tasks, research indicates that it requires more complex
cognitive abilities than simple emotion recognition measures (Baron-Cohen et al., 2001).
Because this measure only includes Caucasian faces and was developed using a predominately
Caucasian sample, the NEPSY-II Contextual task will also be included in this domain.

NEPSY-II Contextual Theory of Mind. In the Contextual task, participants were shown
a picture depicting a social context and asked to select a photograph from four options that

depicts the appropriate affect of one of the people in the picture.
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Cognitive theory of mind.

Happé’s Strange Stories. These stories were developed to measure higher-order theory
of mind abilities (Happé, 1994). The types of stories are pretend, joke, lie, white lie, figure of
speech, misunderstanding, double bluff, sarcasm, persuasion, contrary emotions,
appearance/reality, and forgetting. There were two stories for each category. Children were
presented with the picture and short story. The examiner read the story out loud and continued to
present the physical stimulus to minimize memory components. After each story was read the
participant was asked the following two test questions: the comprehension question (Was it true
what X said?) and the justification question (Why did X say that?). Answers to justification
questions were scored as correct or incorrect based on mental and physical state criteria
described by Happé (1994).

Cognitive and affective empathy.

Interpersonal Reactivity Scale (IRI). The IRI is a 28 item self-report scale designed to
measure both cognitive and emotional components of empathy. Subscale scores range from 0 to
28. The subscales of the IRI are perspective taking, fantasy scale, empathic concern, and
personal distress. The scale was adapted for completion by parents on their child’s empathy.
Parent ratings of their child on the empathic concern and personal distress scales on the IRI will
be also used as measures of affective empathy. Parent ratings of their child’s perspective taking
and fantasy scales were used as measures of cognitive empathy. Descriptions of the scales are as
follows:

Fantasy Scale. This scale examines the tendency to both identify with fictional characters

and imagining oneself in the character’s emotions and actions.
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Perspective Taking. This measures the child’s tendency to take on the psychological
point of view of others.

Empathic Concern. This scale examines a child’s concern for others and sympathy for
others in physical or emotional distress.

Personal Distress. This scale is designed to capture the emotional distress a child feels in
stressful situation that others face.

Functional measures.

Behavior Assessment System for Children — Second Edition (BASC-2). Social,
emotional, and behavioral functioning were assessed using the BASC-2 (Reynolds & Kamphus,
2004), a checklist for problematic behaviors of children ages 2 to 18 years of age. It includes
three measures: The Parent Rating Scales (PRS), the Teacher Rating Scales (TRS), and the Self-
Report of Personality (SRP). For the purposes of this study, the PRS Aggression, Conduct
Problems, and Social Skills subscales were used as functional ratings.

Social Skill Rating Scale (SSRS). The SSRS is a rating scale that assesses social
behavior in children aged 3 to 18. It has separate norms for males and females. The Social
Skills Scale measures cooperation, assertion, self-control, and responsibility.

Procedures

Participants were recruited by marketing to parents at University of Nevada, Las Vegas,
community mental health centers, and the community at large. Participants were recruited
through posted advertisements as well as presentations given to treating psychologists in
community mental health centers. Participants received monetary compensation ($40). Children
in the ADHD group received a brief report including their scores of the standardized measures

from the study and a list of resources for parents of children with ADHD. Study procedures
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were approved by the UNLV IRB for protection of human subjects. Testing took place at the
University of Nevada, Las Vegas (UNLV) Partnership for Research, Assessment, Counseling,
Therapy and Innovative Clinical Education (PRACTICE).

Individuals interested in participating in the study initially called a private study line
located in the Neuropsychology research laboratory on the UNLV campus. Before answering
any questions, participants were given a brief description of study procedures, including initial
screening questions, and asked to provide verbal consent to be asked the initial screening
questions. Once verbal consent was obtained, participants’ parents answered questions to
determine eligibility for their child in participating. Individuals that met initial selection criteria
on screening were scheduled to complete additional testing procedures at the UNLV
PRACTICE. Before participants began study procedures, written informed consent was obtained
from parents and written assent from participants. Questions were encouraged.

Once informed consent was reviewed and obtained, participants and their parents
completed diagnostic and testing procedures. The parent KSADS-PL was used to determine the
presence or absence of Axis I disorders, including ADHD. After it was determined that the
participant was eligible, the battery of neurocognitive tests was administered in a fixed order.
All testing was conducted by trained doctoral level graduate students in a quiet private room at
the PRACTICE. Trained research assistants administered some phone screening and parent
interviewing under the supervision of the graduate student. Participants were provided breaks
whenever requested or as deemed appropriate by the examiner in order to control for fatigue
effects, alleviate anxiety, and maintain motivation.

Data Analyses
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Data entry and screening. Data was double entered into a database and analyzed by
SPSS version 22.0. During the preliminary data screening process, frequency distributions for
all variables were inspected for out of range variables, which would indicate the presence of a
data entry error. Data were examined to ensure that it meets assumptions for ANOV A and
regression analyses, including multivariate normality, homogeneity of variance, and
independence of observations (Howell, 2012). Data were also examined for multicollinearity
and to determine if there is a linear relationship between predictor and dependent variables for
multiple regression analyses (Howell, 2012).

Preliminary analyses

Prior to analyses on the primary hypotheses, descriptive statistics were calculated for
each group on demographic variables, including age, gender, and ethnicity. ANOVA and chi-
square analyses were used to determine whether the two groups significantly differ on these
variables. If significant differences emerged, significant variables would serve as covariates in
subsequent analyses.

Prior to conducting the main analyses, scores were developed for each of the social
cognitive domains, including 1) affect recognition, 2) pragmatic language, 3) affective ToM, 4),
cognitive ToM, 5) affective empathy, and 6) cognitive empathy. Raw test scores were converted
into z-scores based on the performance of the control group. Z-score means of measures were
calculated for each of the social cognitive components, resulting in six domain scores that were
standardized based on normal control performance. This allows for direct comparisons among
the social cognitive domains across the groups.

Raw scores on the NEPSY-II emotion recognition subtest total score composed the

Affect Recognition domain. Scores on the CCC-2 Pragmatic subscales for Initiation, Context,
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Nonverbal Communication, Social Relations, and Interests composed the Pragmatic Language
domain. The raw score contributing to the affective ToM domain were the Reading the Mind in
the Eyes Task total score and NEPSY-II Contextual Task. The raw score contributing to the
cognitive ToM domain was the Happé’s Strange Stories total score. The raw scores on the
parent ratings on the perspective taking and fantasy scales contributed to the cognitive empathy
domain. The raw scores on the parent ratings on the empathic concern and personal distress
scales on the IRI composed the affective empathy domain.
Primary Analyses

The analytical approach to the proposed hypotheses are as follows:

1. Children with ADHD will perform significantly poorer than healthy controls on

measures of affect recognition, affective theory of mind, and affective empathy.

To evaluate hypothesis 1, a mixed model ANOVA was used in which group membership
(NC or ADHD) was a between subjects factor and the six social cognitions tests served as a
repeated measure. A main effect for group was anticipated indicating that overall the ADHD
group received lower scores on the social cognition measures than the control group. A main
effect for measure was also anticipated indicating that overall some measures are more difficult
than others. Consistent with the hypothesis, an interaction effect would indicate that the ADHD
group had particular difficulty on tasks with affective components (emotion perception, affective
Tom, and affective empathy) compared to cognitive tasks (ToM and cognitive empathy). This
was expected because of the emotion perception requirement in affective ToM and empathy
tasks. Separate ANOVAs were conducted for each of the six social cognitive domains to

examine the pattern of performance on social cognitive measures.
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2. Symptoms of inattention, hyperactivity, and impulsivity will be significant predictors

of performance on social cognitive measures.

Raw scores on the DSM ADHD SRS were correlated with measures of ADHD social
cognitive domains. Significant correlates were indicators of possible predictors. To determine
the relative contribution of ADHD symptomatology on social cognitive performance, significant
predictors were entered into a hierarchical multiple regression analyses for social cognitive
performance. Changes in R’ were observed as predictor variables were introduced to determine
the relative proportion of variance increased with each new predictor variable. It was expected
that each of the symptom domains, particularly inattention and impulsivity would be negatively
correlated with performance on social cognitive tasks. Provided each symptom domain was
significantly correlated with social cognitive performance, symptoms were entered into the
model based on their theorized contribution. Inattention was entered as step 1, followed by
impulsivity as step 2, and finally hyperactivity as step 3. Statistical significance and strong
negative standardized regression coefficients () were anticipated, indicating that ratings of
ADHD symptoms were effective predictors of performance on social cognitive measures. A
statistically significant R for the regression was anticipated. It was predicted that the identified
model would explain a significant proportion of the variation in social cognitive
performance. All regressions were performed with the combined control and ADHD groups for
increased statistical power and because the general population also demonstrates inattentiveness,
impulsivity, and hyperactivity. The presence of mild symptoms occurring as part of normal
behavioral variation in non-clinical populations was also anticipated to influence development of

social cognitive abilities.
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3. Performance on social cognitive measures will be significant predictors of functional

ratings.

The analytic approach used for hypothesis 3 was the same as used for hypothesis 2.
Scores on the social cognitive measures were correlated with problem (BASC-2 aggression and
conduct problems) and prosocial behaviors (BASC-2 Social Skills, SSRS cooperation, assertion,
self-control, and responsibility). Significant correlates were indicators of possible predictors. To
determine the relative contribution of social cognitive performance on functional ratings,
significant predictors were entered into hierarchical multiple regressions. If all variables were
significantly correlated with outcome measures, then they would be entered in according to their
theorized level of difficulty, moving from simple to more complex. Affect recognition
performance would be entered in step 1, followed by affective ToM in step 2, affective empathy
in step 3, cognitive ToM in step 4, and cognitive empathy in step 5, and pragmatic language in
step 6. Statistical significance and strong standardized regression coefficients () were
anticipated, indicating that social cognitive scores were effective predictors of functional ratings.
A statistically significant R for the regression was anticipated. It was predicted that the identified
model would explain a significant proportion of the variation in problem and prosocial
behaviors. All regressions were performed with both the control and ADHD groups because it is
likely that social cognition and functional social outcomes are related in both clinical and the

general population.
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Chapter 4
Results
Data Screening

Initial screening and evaluation of the data took place in order to ensure accuracy of the
data and assumptions of ANOVA and regression were met.

Accuracy of data file. Frequency statistics were evaluated in order to ensure all data fell
within range. Data was also examined for missing cases, of which none were present.
Preliminary Analyses

Conversion to z-scores. Prior to conducting the main analyses, scores were developed
for each of the social cognitive domains, including 1) affect recognition, 2) pragmatic language,
3) affective ToM, 4), cognitive ToM, 5) affective empathy, and 6) cognitive empathy. Raw test
scores were converted into z-scores based on the performance of the control group. Z-score
means of measures were calculated for each of the social cognitive components, resulting in six
domain scores that were standardized based on normal control performance. This allows for
direct comparisons among the social cognitive domains across the groups.

Assumptions of ANOVA

Independence of cases. This assumption was met.

Normality. Normality was examined by plotting the residuals as a histogram and
examining Q-Q plots.

Homogeneity of variance. Levene’s test was used to assess the equality of variances for
variables. Levene’s test was significant for pragmatic language and cognitive ToM. Therefore,

Welch’s ANOVA was used in the analyses.
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Assumptions of Regression

Linearity. Through examination of scatter plots of all dependent variables and plots of
the residuals from regression analyses, the variables exhibited a linear relationship.

Multicollinearity. Multicollinearity was examined using a correlation matrix. Variables
are considered multicollinear if the correlation between them are > .90. There were no
correlations exceeding .90, suggesting the absence of multicollinearity.

Homoscedasticity. Homoscedasticity was checked by examining residual scatter plots.
Detecting Outliers

Multivariate outliers were evaluated by a Mahalanobis distance of p <.001 for the y*
value. Mahalanobis distance calculated using linear regression indicated one multivariate
outlier. The analyses were run with and without the outlier. The results did not differ when the
outlier was excluded from the analyses. Thus, this was likely not an overly influential outlier and
it remained in the analyses.

Demographic data is provided in Table 1. As indicated in Table 1, groups did not
significantly differ on age, gender, ethnicity, or gross household income, height, or weight. The
ADHD group performed significantly worse than controls on measures of academic achievement

and all indexes of the WISC-V, with the exception of the Fluid Reasoning Index.
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Table 1

Demographic, 1Q, Academic Achievement, and Pragmatic Language Subscales Information by

Group
Variable Group
Control (n=25) ADHD (n=25)
Mean (SD) Mean (SD) F P Cohen’s d
Age 10.07 (1.90) 10.57 (2.09) 78 .38 -25
Gross Family Income 122560.00 (77051.97) 99033.33 (72650.51) 1.21 .28 31
Puberty-Height (inches) 54.00 (4.74) 56.05 (6.17) 1.47 .23 -37
Puberty-Weight (pounds) 76.48 (34.83) 94.31 (45.72) 225 .14 -44
WISC-V FSIQ 107.44 (10.65) 98.08 (15.15) 6.39 015 1
WISC-V VCI 110.40 (12.06) 101.20 (13.85) 6.27 .016 1
WISC-V VSI 107.52 (13.15) 100.12 (11.55) 4.47 .04 .60
WISC-V FRI 104.88 (10.80) 103.76 (16.48) .08 18 .08
WISV-V WMI 102.12 (12.77) 93.52 (15.43) 4.61 .04 .61
WISV-V PSI 101.16 (13.29) 88.76 (12.14) 11.86 .001 97
WI-IV Brief Ach 107.32 (11.65) 93.80 (17.90) 10.02 .003 .90
WI-IV Letter Word 105.32 (9.72) 93.84 (16.30) 9.15 .004 .86
WI-IV App Prob 109.16 (15.32) 96.60 (16.83) 7.62 .008 78
WI-IV Spelling 105.20 (11.91) 92.56 (18.46) 8.27 .006 .81
Pragmatic Language
Initiation 11.28 (2.05) 7.32(2.16)
Context 11.68 (1.93) 8.32(2.10)
Nonverbal Communication 11.20 (1.89) 8.32(2.29)
Social Relations 11.36 (1.89) 7.96 (2.17)
Interests 11.52 (2.22) 8.16 (1.49)
v P
Gender (% male) 60.0 76.0 1.47 23 .35
Ethnicity (%) 6.68 .25 .79
Caucasian 72.0 44.0
African American 8.0 12.0
Hispanic/Latino 4.0 16.0
Asian American 4.0 4.0
Multi-racial 12.0 24.0

Note. SD = Standard Deviation; WISC-V FSIQ = Wechsler Intelligence Scale for Children Fifth Edition Full Scale
1Q; WISC-V VCI = Verbal Comprehension Index; VSI = Visual Spatial Index; FRI = Fluid Reasoning Index; WMI
= Working Memory Index; PSI = Working Memory Index; WJ-IV Brief Ach= Woodcock Johnson Tests of
Achievement Fourth Edition Brief Achievement; WJ-IV Letter Word = Letter Word Identification; WJ-IV App Prob

= Applied Problems.
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The differences in IQ and academic achievement were expected based on prior research
indicating that children with ADHD often exhibit deficits in working memory and processing
speed (Parke, Thaler, Etcoff, & Allen, 2015). Slowed processing speed and weaknesses in fine
motor dexterity can impact the Visual Spatial Index because of the time components embedded
in these measures. These cognitive weaknesses, poor attention, and genetic vulnerability to
learning disorders also affect academic skills in children with ADHD (Barkley, 2014a). Full
Scale IQ was entered as a covariate in analyses to determine if social cognition was impacted
beyond general cognitive skills in this population.

Within the ADHD group, 68% percent were currently prescribed a psychostimulant
medication. These medications were not taken 24 hours prior to the study. Presentation of
ADHD and comorbid diagnosis information, based on the KSADS Parent Interview, can be
found in Table 2. Disruptive symptoms measured by parent ratings on the CADBI are reported

in Table 3.

Table 2

ADHD Presentation and Comorbid Diagnosis

Diagnosis Frequency (%)
ADHD-Combined 64 (n=16)
ADHD- Inattentive 36 (n=9)
Oppositional Defiant Disorder 44 (n=11)
Generalized Anxiety Disorder 8 (n=2)
Major Depressive Disorder 8 (n=2)
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Table 3

Disruptive Behavior Symptoms for the ADHD Group

Behavior Towards Adults Behavior Towards Peers (n)
Frequency (%) Frequency (%)
Behavior Never  Monthly = Weekly Daily Never Monthly  Weekly Daily
Argues 16 24 4 40 16 32 12 40
Loses temper 12 40 12 36 12 44 12 32
Refuses to obey/cooperate 40 28 16 16 28 36 4 32
Annoys on purpose 44 24 12 16 28 32 4 36
Blames 24 36 12 28 28 24 12 36
Becomes Annoyed 16 48 8 28 16 36 4 44
Angry/Resentful 36 44 4 16 36 32 4 28
Vindictive 80 16 0 4 56 20 0 24

Note. All ratings describe the child’s behavior in the last month; Frequency = the percent of parents that reported
this symptom and frequency in their child; Weekly = 2-6 times per week; Monthly = 1-2 times, 3-4 times, and 2-6

times in a month; Daily = 1 times per day, 2-5 times per day, 6-9 times per day, and 10 or more times per day.

Primary Analyses

Hypothesis 1. A mixed model ANOVA was used in which group membership (Control
or ADHD) was a between subjects factor and the social cognitions tests served as a repeated
measure. Mauchly’s test indicated that the assumption of sphericity had been violated (}*(14) =
49.17, p <.001), therefore degrees of freedom were corrected using Greenhouse-Geisser
estimates of sphericity (¢ = .74). Results of the ANOVA indicated significant effects for Social
Cognition scores, F(3.70, 177.50) = 12.66, p < .001, np? = .21 and for Group, F(1, 48) =26.57, p
<.001, np* = .36. Analyses were followed up with separate ANOV As and analysis of
covariance (ANCOVAs) with Full Scale 1Q (FSIQ) as a covariate for each of the six social
cognitive domains to examine the pattern of performance on social cognitive measures. There
were no within subjects effects for the ADHD group, but poorer performance on cognitive ToM

compared to affect recognition approached significance, p = .057. Between subjects effects were
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still significant when FSIQ was entered as a covariate, with the exception of parent ratings of
cognitive empathy. Table 4 summarizes these results. As can be seen from the table, the ADHD
and control groups performed significantly poorer on measures of affect recognition, pragmatic
language, cognitive ToM, and parent ratings of cognitive empathy. There were no within
subjects effects, but worse performance on cognitive ToM compared to affect recognition in
children with ADHD approached significance, p = .057. Results are also graphically represented

in Figure 1.

Table 4

Main Variable Information and Effects for ADHD Group

Variable Group
Control (n=25) ADHD (n=25)

Raw/SS Raw/SS Z score 1Q as Covariate

M (SD) M (SD) M (SD) F F Cohen's d
AR 11.64 (1.98) 9.72 (1.65) -97 (1.74) 5.88* 3.23% -.68
PL 9.80 (6.68) 29.92 (10.19) -3.01 (1.53) 68.19%* 33.97** -2.33
A ToM 23.84 (3.20) 23.04 (4.25) -25(1.33) .57 44 -21
C ToM 43.48 (3.02) 38.00 (6.30) -2.12.(2.71) 13.53%* 20.38%* -1.04
A Emp 32.88 (6.19) 35.68 (6.71) .45 (1.08) 235 1.16 43
C Emp 29.60 (9.59) 23.64 (9.72) -.62 (1.01) 4.76% 2.69 -.62

Note. * =p <.05; ** = p <.01; SS = Standard Score; All scores are reported as raw scores except the Affect
Recognition test. Within Subjects Effects reported for ADHD group; AR = NEPSY-II Affect Recognition Subtest;
PL = Children’s Communication Checklist-2 Pragmatic Language Score; A ToM = Reading the Mind in the Eyes
Total Score and NEPSY-II Contextual Items from Theory of Mind Subtest; C ToM = Happé’s Strange Stories Total
Score; A Emp = Interpersonal Reactivity Scale Affective Empathy Parent Rating; C Emp = Interpersonal Reactivity

Scale Cognitive Empathy Parent Rating.
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Figure 1

Social Cognition Performance by Group

Social Cognition Measures by Group
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Note. AR = NEPSY-II Affect Recognition Subtest; PL = Children’s Communication Checklist-2 Pragmatic

Language Score; A ToM = Reading the Mind in the Eyes Total Score and NEPSY-II Contextual Items from Theory

of Mind Subtest; C ToM = Happé’s Strange Stories Total Score; A Emp = Interpersonal Reactivity Scale Affective

Empathy Parent Rating; C Emp = Interpersonal Reactivity Scale Cognitive Empathy Parent Rating; Standard error

was used for error bars.

Hypothesis 2. Hierarchical multiple regression analyses were conducted to examine the

relation of social cognitive performance to ADHD symptoms. Simple correlation values of all

pairs of variables in the analysis are shown in Table 5.
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Table 5

Correlations among Social Cognition Variables and ADHD Symptoms

Variable Inattention ~ Hyperactivity  Impulsivity
Affect Recognition -33* -40* -.23
Pragmatic Language =TT 65** -.68%*
Affective ToM -.14 -.15 -.09
Cognitive ToM -42%* -S51%* -36%*
Affective Empathy 21 24 22
Cognitive Empathy -30* -25 -29%

Note. * =p < .05; ** = p <.01; ToM = Theory of Mind.

Symptom domains that were significantly correlated with social cognitive performance were
entered into the model based on their theorized contribution. Inattention was entered as step 1,
followed by impulsivity as step 2, and finally hyperactivity as step 3. When not all symptoms
domains were significantly correlated, they were entered in this order, with the exclusion of the
nonsignificant symptom domain (e.g., impulsivity predicting affect recognition). Results are
summarized in Table 6. Inattention was a significant predictor for affect recognition, cognitive
ToM, pragmatic language, and parental ratings of cognitive empathy. The inclusion of
hyperactivity or impulsivity significantly increased the proportion of explained variance for
cognitive ToM, but not for models for other social cognitive variables. Nonlinear effects were
checked by examining the squared term for predictor variables. These were not statistically

significant or an improvement upon the linear model, indicating the absence of nonlinear effects.
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Table 6

Regression Analyses for ADHD Symptoms’ Incremental Prediction of Social Cognitive

Performance
Variable Model/predictors ~ R? Change B F Change Cohen’s 2

Affect Recognition = Model 1: Inattention 1 -33 5.72% A2
Model 2: Inattention + .06 -.07 3.09 .16

Hyperactivity -35
Pragmatic Model 1: Inattention .60 =77 70.57%* 1.47
Language Model 2: Inattention + .03 -.59 3.36 1.65

Impulsivity -.24
Model 3: Inattention + .00 -.60 .00 1.65

Impulsivity + -25

Hyperactivity .01
Cognitive ToM Model 1: Inattention 17 -42 10.00** .20
Model 2: Inattention + .01 =32 43 22

Impulsivity -.13
Model 3: Inattention 10 -.16 6.55* 39

+ Impulsivity + 31

Hyperactivity -.65
Cognitive Empathy Model 1: Inattention .08 -29 4.34* .09
Model 2: Inattention + .02 -.16 a7 .09

Impulsivity -.18

Note. * = p <.05; ** = p <.01; ToM = Theory of Mind.

Hypothesis 3. Hierarchical multiple regression analyses were conducted to examine the
predictive relationship of social cognitive performance to functional ratings of problem (BASC-2
aggression and conduct problems) and prosocial behaviors (BASC-2 Social Skills, SSRS
cooperation, assertion, self-control, and responsibility). Simple correlation values of all pairs of

variables in the analysis are shown in Table 7.
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Table 7

Correlations among Social Cognition Variables and Behavior Ratings

Variable Problem Prosocial
Behaviors Behaviors
Affect Recognition -.17 .20
Pragmatic Language -47%* S5%*
Affective ToM -.13 16
Cognitive ToM - 40%* .60%*
Affective Empathy -.12 .06
Cognitive Empathy -55%* A48**

Note. * =p < .05; ** = p <.01; ToM = Theory of Mind.

Social cognitive domains that were significantly correlated with problem and prosocial behaviors
were entered into the model based on their theorized contribution. Cognitive ToM was entered
as step 1, followed by cognitive empathy as step 2, and finally pragmatic language as step 3.
Performance in each social cognitive domain provided a unique proportion of the variance in
parent ratings of problem and prosocial behaviors. Nonlinear effects were checked by examining
the squared term for predictor variables. These were not statistically significant, indicating the

absence of nonlinear effects. Findings are summarized in Table 8.
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Table 8

Regression Analyses for Social Cognitive Performance’s Incremental Prediction of

Problem and Prosocial Behaviors

Variable Model/predictors R’ Change B F Change  Cohen’sf
Problem Behaviors Model 1: Cog ToM 13 -36 7.21%* 15
Model 2: Cog ToM + 23 -23 16.86** .56
Cog Empathy + -.50
Model 3: Cog ToM + .06 -.12 4.70* 72
Cog Empathy + -45
Pragmatic Language -27
Prosocial Behaviors Model 1: Cog ToM 31 .56 21.91%* 46
Model 2: Cog ToM + .10 47 7.84%* .70
Cog Empathy + 33
Model 3: Cog ToM + A1 33 10.78** 1.10
Cog Empathy + 26
Pragmatic Language 38

Note. * =p <.05; ** = p <.01; Cog ToM = Cognitive Theory of Mind; Cog Empathy = Cognitive Empathy.
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Chapter 5
Discussion

There is clear evidence that children with ADHD exhibit social problems including,
aggression, poor eye contact, and difficulty developing age appropriate relationships with peers
(Uekermann et al., 2010). However, further exploration of the underlying cognitive deficits that
could be contributing to social impairment is lacking in the literature. Research has indicated
that children with ADHD demonstrate impairment in aspects of social cognition, such as emotion
perception, particularly related to facial expressions (Bae, Shin, & Lee, 2009; Ibafiez et al., 2011;
Pelc et al., 2006; Williams et al., 2008). Given that this basic social cognitive skill is impacted, it
was predicted that more complex social cognitive components of affective ToM and empathy
would also be affected. Identifying a comprehensive profile of social cognitive performance in
children with ADHD could provide insight into behavioral outcomes and identify targets for
treatment.
Affect Recognition

Results of the current study replicated prior studies demonstrating that children with
ADHD perform worse than typically developing peers on measures of facial affect recognition
(Bae et al., 2009; Ibafiez et al., 2011; Pelc et al., 2006; Williams et al., 2008). Prior studies had
used experimental measures and the current study demonstrated this difference in the clinical
measure included on the NEPSY-II. The NEPSY-II validity study for ADHD included 55
children that met criteria for ADHD, Combined Type and found that they performed
significantly lower than matched controls on the Affect Recognition subtest, concluding that
visual inattention impacts facial emotion perception (Kemp & Korkman, 2010). The current

study included children with both the inattentive and combined presentation, given that
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inattention may be the primary symptom interfering with emotion perception. In the current
study, it should be noted that the mean performance on the NEPSY-II Affect Recognition subtest
was 9.72 for the ADHD group, which is within the average range. However, when directly
comparing their performance to the control group, the results were statistically different. While
it is possible that the control group in the current study was high functioning, their Full Scale 1Q
was in the average range, indicating that their performance may be reflective of the general
population. The current study suggests that differences in facial affect recognition may be subtle
and not readily apparent in a clinical evaluation using the NEPSY-II. Therefore, thorough
behavioral observations and a clinical interview with parents regarding the child’s ability to
perceive emotions may be beneficial. Further development of clinical measures that are sensitive
to emotion recognition deficits is also warranted.
Affective Theory of Mind

Contrary to expectation, children with ADHD had more difficulty with cognitive
components of social cognition (pragmatic language, cognitive ToM, and cognitive empathy),
rather than the affective domains (affective ToM and empathy). Interestingly, poorer
performance compared to controls on facial affect recognition did not translate into deficits in
affective empathy or ToM. Performance on facial affect recognition tests may be more related to
cognitive components of social learning than initially expected. The current findings are
consistent with a prior study demonstrating that participants with ADHD perform similar to
controls on the Reading the Mind in the Eyes Test (Demurie et al., 2011), but validated the result
with a larger sample size. However, a recent study found that children with ADHD performed
worse than a control group on this measure (Mary et al., 2016). Given the relatedness of facial

affect recognition and affective ToM, it is possible that affective ToM is impacted in children
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with ADHD, but that the measures used in the current study were not reliably sensitive to these
deficits. The Reading the Mind in the Eyes measure was initially created for use in adults and
includes pictures of Caucasian adult faces (Baron-Cohen et al., 2001). The NEPSY-II
Contextual task was also included, as it uses a child’s face and was validated in an ethnically
diverse standardization sample. However, there are limited items in this measure. When
examining performance for both of these measures, it appears that children in both groups
struggled with the Reading the Mind in the Eyes measure and easily completed the NEPSY-II
Contextual task. Thus, there may be a floor effect for the Reading the Mind in the Eyes test and
a ceiling effect for the NEPSY-II Contextual task. Additionally, others have questioned the
ecological validity of static measures of affective ToM (Demurie et al., 2011). Unfortunately,
there are limited dynamic measures available, particularly ones used for a clinical evaluation and
with standardized norms. Thus, further development of measures for affective ToM in children
is also recommended.
Affective Empathy

The current study suggests that symptoms of ADHD interfere with social learning, but
not the emotional reactivity involved in social experiences. Previous studies found deficits in
empathic accuracy, meaning the ability to identify and personally match emotional reactions
(Braaten & Rosen, 2000; Demurie et al., 2011; Downs & Smith, 2004; Dyck et al., 2001; Yuill &
Lyon, 2007). These measures may be complicated by the cognitive components of the task
because they often involve comprehension and interpretation of stories or pictures. Conversely,
parent ratings of children’s empathy may capture real world emotional reactions. In the current
study, parents rated their children with ADHD as somewhat more empathetic than the parent

ratings of the control group. Although these results were not statistically significant, it is
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interesting that parents rated their children with ADHD at least as empathetic as their typically
developing peers. It may be that children with ADHD have difficulty accurately identifying and
matching the emotions of others on performance based measures, but they are emotionally
reactive in real life situations. Furthermore, their tendency towards emotion dysregulation
because of deficits in executive functioning (Barkley, 2014a), may lead them to be perceived as
equally or more empathetic than typically developing peers. Emotional reactions from others are
salient stimuli and may have more of an impact on children with ADHD than their peers. For
example, if another child is crying a child with ADHD may attend to this noise at the expense of
attending to other relevant information (e.g., classroom instruction or other social cues). They
may also have difficulty regulating their reaction to another’s distress and take longer than peers
to calm down from distress or excitement. Therefore, children with ADHD may experience
affective empathy but inappropriately regulate their reactions. Their potentially affected
cognitive ToM could also impact their ability to accurately understand the complexity of reasons
behind another’s emotions.
Cognitive Theory of Mind

The current study provides insight into the cognitive domains of social learning in
children with ADHD. Similar to the impact of ADHD symptoms on academic learning, social
cognition could also be affected by these symptoms. Others have identified ToM performance in
ADHD as an area that needs further study (Uekermann et al., 2010). Cognitive ToM is
associated with language abilities and executive functioning skills (Ahmed & Miller, 2011; Slade
& Ruffman, 2005). Therefore, it is plausible that children with ADHD would also exhibit
deficits in cognitive ToM if pragmatic language skills and executive functioning are areas of

weakness. Furthermore, imaging studies examining participants with ADHD have demonstrated
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dysfunction in brain regions involved with ToM (Uekermann et al., 2010). Of the few studies
conducted, there were conflicting results regarding cognitive ToM performance in this
population (Uekermann et al., 2010). The current study is consistent with prior research
indicating advanced cognitive ToM abilities are affected in children with ADHD (Buitelaar et
al., 1999; Sodian & Hiilsken, 2005; Hutchins et al., 2016). Conflicting results in the literature
may be related to differences in ADHD presentations, variability within the population, the
influence of comorbid diagnoses, and differences in measures. Overall, the current study and
literature indicate that ToM should be included in evaluations of children with ADHD (Slama et
al., 2011). Furthermore, deficits in ToM should not solely be used in differentiating between
diagnoses of ADHD and autism spectrum disorder (Demurie et al., 2011). Although these
children might not consistently exhibit ToM deficits, they are at risk for weaknesses in this area,
particularly if social skills are a presenting concern for parents. While attention, executive
functioning, and language abilities are related to ToM performance (Ahmed & Miller, 2011),
each of these skills represent distinct constructs. Daily social interactions require a complex
interaction between these skills and their unique contributions are difficult to disentangle.
Cognitive Empathy

There was limited prior research on cognitive empathy in children with ADHD. The
current study found that parent ratings of cognitive empathy were lower than parent ratings of
control participants. Results approached significance after controlling for 1Q. The current study
used the Fantasy and Perspective Taking scales on the IRI in an attempt to capture children’s
tendency to imagine themselves in another’s situation. It is reasonable that if children have
difficulty understanding another’s point of view (cognitive ToM), then they would be less likely

to envision themselves from another’s perspective. This is consistent with previous studies

77



indicating performance based deficits and lower parent ratings of perspective taking in children
with ADHD (Demurie et al., 2011; Schwenck et al., 2011). Overall, current study findings
indicate that children with ADHD may be emotionally reactive to others but that they are less
likely to take another’s perspective. Thus, cognitive empathy may be a useful target for
intervention to improve social skills. For example, the use of social stories and instruction on
understanding emotional scripts may be beneficial (Ornaghi, Brockmeier, & Grazzani, 2014).
Rather than addressing whether a child responds emotionally to others, it may be more important
to assess and treat the adaptiveness of their emotional responses in stressful situations.
Pragmatic Language

Study results are consistent with prior studies indicating pragmatic language is affected in
children with ADHD or those at risk for developing the disorder (Guerts & Embrechts, 2008;
Leonard et al., 2011; Staikova et al., 2013; Véisdnen, et al., 2014). Interestingly, the mean
performance on the WISC-V Verbal Comprehension Index was in the average range for this
sample, indicating that pragmatic language is distinct from Verbal IQ. The current study is
different from some prior studies in that it thoroughly assessed and only included children
diagnosed with ADHD (Leonard et al., 2011), included a control group (Guerts & Embrechts,
2008), and assessed Verbal IQ (Staikova et al., 2013; Viisédnen, et al., 2014). Pragmatic
language abilities are often not assessed in neuropsychological evaluations, but now there is
further evidence that abilities can be compromised in children with ADHD. Thus,
comprehensive evaluations should include or refer to speech and language pathology to assess
pragmatic language, given the relationship between pragmatic skills and problem and prosocial

behaviors.

78



Contribution of ADHD Symptoms on Social Cognition

Prior research indicated that ADHD symptoms are associated with social problems
(Williams et al., 2008), but there are few studies investigating the role that ADHD
symptomatology plays in social cognition. According to theory and extensive evidence of the
impact that ADHD symptoms have on other non-social learning tasks (Barkley, 2014a), it was
expected that these symptoms would also interfere with social learning. Theoretically, ADHD
symptomatology could prevent early social cognitive development resulting in continued delays
even after symptoms are treated. For example, inattention may interfere with the ability to focus
and sustain attention during conversations or play. Hyperactivity and impulsivity could lead to
rejection and isolation from peers (e.g., time out) providing them with limited opportunities for
social development.

The present study examined the relationships and unique contributions of each symptom
domain on multiple aspects of social cognitive performance. It was expected that the more
severe the symptoms of ADHD, the greater the delay in acquisition of social cognitive
information. Prior studies indicated that children with predominately inattentive symptoms had
more deficits in social knowledge than children with hyperactive and impulsive symptoms
(Maedgen & Carlson, 2000; Mikami et al., 2007; Wheeler & Carlson, 1994). Researchers have
suggested that hyperactivity and impulsivity interfere with appropriately enacting social
knowledge, rather than the initial acquisition of skills (Kofler et al., 2011). Thus, inattention was
entered first into the regression models. Impulsivity was entered next because of its strong
association with executive functioning skills involved in social cognition and learning (Carlson
& Moses, 2001; Celestin-Westreich & Celestin, 2013), as well as previous findings of its

relationship with affect recognition skills (Bae et al., 2009). The current study demonstrated that
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inattention was predictive of performance on affect recognition, pragmatic language, cognitive
ToM, and cognitive empathy. Findings are consistent with prior studies demonstrating a
relationship between sustained attention and measures of emotion recognition in faces (Sinzig et
al., 2008; Shin et al., 2008). Results provide evidence that inattention interferes with social
learning, particularly on cognitively related tasks.

Hyperactivity and impulsivity did not significantly contribute to explaining variance in
the model for most domains of social cognition, with the exception of cognitive ToM.
Surprisingly, there was a greater correlation between hyperactivity and performance on affect
recognition and cognitive ToM. An explanation of this finding could be that behavioral
disinhibition, including motor activity (hyperactivity) impacts social learning. Previous studies
have demonstrated a relationship between hyperactivity and affect recognition (Aspan et al.,
2014) and ToM (Maoz et al., 2014). These symptom domains may have more of a role in
performing social skills and modulating emotional reactions, but appear to have a relationship
with some aspects of social cognition.

Outcome Measures

A primary purpose of neuropsychological assessments is to measure deficits that translate
into real world impairment. While this relationship may be clearly established in other
neuropsychological domains and with other populations (Bowie, Reichenberg, Patterson,
Heaton, & Harvey, 2006), the relationship between social cognitive performance and ratings of
social behavior has not been thoroughly explored in children with ADHD. Study findings
indicated that social cognitive performance in pragmatic language, cognitive ToM, and cognitive
empathy were predictive of both problem and prosocial behaviors. Results suggest that

cognitively and language based domains of social cognition are most important in demonstrating
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social skills and inhibiting aggressive or oppositional behavior. It is likely that if children are
limited in their social communication skills and understanding of another’s thoughts they are
more likely to act out. This is consistent with research demonstrating the importance of language
abilities and social skills (Leonard et al., 2011).

Contrary to predictions and previous studies (Bae et al., 2009; Pelc et al., 2006), affect
recognition was not correlated with parent ratings of problem and prosocial behaviors. This is
surprising given that affect recognition deficits in children with ADHD are the most validated
finding in the literature (Bora & Pantelis, 2016). Furthermore, affective components of social
cognition were not correlated with problem and prosocial skills. It is possible that children with
ADHD are emotionally connected with others, but they lack the problem-solving skills to control
aggression and demonstrate social skills, such as cooperation.

Limitations and Future Directions

The current study did not exclude children with learning disabilities, which may have
contributed to findings. Language and general cognitive abilities are important in social
interactions and learning differences likely also affect social learning and communication.
Similarly, a meta-analysis of social cognition in children with ADHD also concluded that general
cognitive impairment contributes to social cognitive deficits (Bora & Pantelis, 2016). This does
not negate that social cognitive skills are a distinct construct that may be more predictive of
social skills than general intelligence alone. Although the current sample exhibited a lower 1Q
than the control group, differences between affect recognition, pragmatic language, and cognitive

ToM performance were statistically significant between groups after controlling for Full Scale

1Q.
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The current study included children with comorbid diagnoses of anxiety, depression, and
oppositional behavior, which can also impact social cognition skills (Wyer & Srull, 2014).
However, children with ADHD are prone to developing these disorders and children with
comorbid conditions will commonly be seen in clinical practice. Future studies should examine
the contribution of these comorbid diagnoses to social cognition performance. Finally, it should
be noted that the current study included groups from a high socio-economic status. Challenges
in recruiting participants with lower family incomes is a common challenge when conducting
research. Therefore, results should be interpreted with this information in mind and future
studies should address barriers to research participation to recruit more economically diverse
groups.

Conclusion

Findings were surprising in that children with ADHD had more difficulty with cognitive,
but not affective components of social cognition. Inattention was predictive of performance in
these domains, but there was little improvement of the model with the addition of hyperactivity
and impulsivity. While the current study provides insight into social cognitive deficits in
children with ADHD, further development of social cognitive tests is needed, as well as
exploration of differences in presentations and comorbid diagnoses. Implications for clinical
practice include, addressing social cognitive deficits in evaluations and in feedback with parents.

Recommendations for social skills training may be beneficial.
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Appendix

Social Cognitive Construct Abbreviation
Affect Recognition AR
Pragmatic Language PL
Theory of Mind ToM
Affective Theory of Mind A ToM
Cognitive Theory of Mind C ToM
Affective Empathy A Emp
Cognitive Empathy C Emp
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