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ABSTRACT
Children with Attention-Deficit/Hyperactivity Disorder (ADHD) are known to have difficulty
with peer relations, though the mechanisms by which these children struggle with interpersonal
relationships are not well known. The current study examined the relation between working
memory (WM) and the encoding of nonverbal social cues using a dual-task paradigm tested in
children with and without ADHD. Children and their parents were screened for the presence of
ADHD or other exclusionary diagnoses, first through a phone screening and then through semistructured diagnostic interview and rating scales. A total of 40 children were recruited (20
ADHD; 20 control) and were matched on age, sex, and IQ. Participants completed measures of
intelligence, anxiety, sluggish cognitive tempo (SCT), and computerized tasks of social encoding
and WM in both single- and dual-task conditions. Participant’s parents completed measures of
psychological, behavioral, and social functioning in a separate room. A series of t-tests showed
large between group differences on parent-reported externalizing problems, attention problems,
social problems, and executive function. A series of repeated measures mixed-model ANOVAs
revealed that both children with ADHD and control children performed significantly worse
during the dual-task condition compared to the single task conditions. Also, children with ADHD
had significantly lower performance than control children on task-based social encoding and
WM. This study supports the role of WM in nonverbal social encoding in children, both with and
without ADHD.
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1. INTRODUCTION
Social interaction is considered by many to be the apex of behavior (Barkley,
2012). Close friendships, the result of quality social interactions, are important for both
physical and mental well-being (Holt-Lunstad & Smith, 2012; Rose & Asher, 2000).
Research in the area of friendships and social aptitude has continually shown that close
relationships with others can act as a powerful protective factor against a variety of
negative outcomes (Bukowski, Motzoi, & Meyer, 2009; Hodges, Boivin, Vitaro, &
Bukowski, 1999) and having even one close friend can mitigate rejection by a peer group
and act as an indicator of well-being (Becker, Fite, Luebbe, Stoppelbein, & Greening,
2013; Newcomb & Bagwell, 1995; Parker & Asher, 1993). In children, social difficulties
and friendship problems have been associated with poor academic outcomes (Ladd,
Kochenderfer, & Coleman, 1996), behavioral difficulties (Vitaro, Tremblay, Kerr,
Pagani, & Bukowski, 1997), peer victimization (Hodges et al., 1999), and loneliness
(Parker & Seal, 1996). In adults, a lack of close social relationships has been found to be
a strong predictor of poor mental health and even mortality (Holt-Lundstad & Smith,
2012).
Alarmingly, social deficits are often a salient symptom of a wide variety of
psychological disorders, from neuro-developmental disorders such as attentiondeficit/hyperactivity disorder (ADHD; Bagwell, Molina, Pelham, & Hoza, 2001),
learning disorders (LD; Siedman, Biederman, Monuteaux, Doyle, Faraone, 2001), autism
spectrum disorders (ASD; Ozonoff, Pennington, & Rogers, 1991), depression (Bothwell
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& Weissman, 1977; Furukawa, Azuma, Takeuchi, Kitamura, & Takahashi, 2010) and
anxiety (Sudhir, Sharma, Mariamma, & Subbakrishna, 2012). While it is clear that social
deficits are associated with a range of psychological disorders, it is necessary for research
now to focus on understanding the mechanisms that affect these social deficits. One
promising area that is gaining traction in the literature is executive function (EF) as an
important contributor to social interactions.
EF and Social Aptitude
EF has been defined historically as the functions of the prefrontal lobes that are
involved in self-regulatory behavior, such as inhibition (i.e., inhibiting automatic
responses), updating of working memory (i.e., taking in and manipulating new
information relevant to the task at hand), and set shifting (i.e., the ability to switch
attention back and forth between tasks; Baddeley, 1996; Best, Miller, & Naglieri, 2011).
While this approach to understanding EF has helped to study what the functions of this
system may be, they have fallen short of understanding these EFs in the context of social
functioning (Barkley, 2012). Some theories of EF have postulated that this self-regulatory
system may actually exist as the neurological basis behind social aptitude in humans
(Barkley, 2012; Fuster, 1997; Stuss & Benson, 1986). While the literature base directly
connecting EF to social aptitude is still relatively scarce, there have been important
advances in our understanding of this potential connection in recent years.
Studies in children have shown connections between parent and teacher reports of
social impairment and deficits in task-based EF measures (Dennis, Brotman, Huang, &
Gouley, 2007; Koffler, Rapport, Bolden, Sarver, Raiker, & Anderson, 2011; Nigg,
Quamma, Greenburg, & Kusche, 1999). Furthermore, in studies of individuals with
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ADHD, a disorder characterized by pronounced deficits in EF, researchers have found
that the relationship between EF and social functioning is mediated by ADHD symptoms
(Kofler et al., 2011; Hilton, Jarrett, McDonald, & Ollendick, 2017; Rinskey & Hinshaw,
2011), as well as contributions of EF to social functioning independent of an ADHD
diagnosis (Clark, Prior, & Kinsella, 2002; McQuade, Murray-Close, Shouldberg, &
Hoza, 2013).
EF, ADHD, and Social Ability
While there is empirical support for the EF system as a mechanism by which
individuals engage socially, it is clear that more research is needed in order to fully
understand what is likely a very complex and nuanced relationship. Although
comprehensive theories of EF apply to neuropsychological functioning across individuals
with and without psychological disorders, one potentially fruitful area in which to study
this relationship is with children diagnosed with ADHD. As stated earlier, ADHD is
typically understood as being a disorder characterized by significant deficits in selfregulation and specific areas of EF (Barkley, 1997; Willcutt et al., 2012). As such, if a
relationship between EF and social functioning exists, it is likely magnified in individuals
with ADHD and makes this group a prime target for early investigation of the theoretical
connection between these constructs.
Of the cognitive deficits found in children with ADHD, two of the most widely
studied and central to ADHD are working memory (WM; Kasper, Alderson, & Hudec,
2012) and sustained attention (Barkley, 1997; Wang, Yang, Xing, Chen, Liu, & Luo,
2013). In a recent meta-analysis, these constructs were found to be the strongest in
magnitude when comparing those with and without ADHD (Willcutt et al., 2012). Of
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these constructs, WM has been found to be consistently impaired in those with ADHD
compared to controls even when accounting for comorbidity and general intelligence
(Martinussen Hayden, Hogg-Johnson, & Tannock, 2005), whereas investigations of
sustained attention have yielded more inconsistent results (Tucha et al., 2009). WM has
been associated with a variety of impairments (Gomez, Gomez, Winther, & Vance,
2014), with social functioning being of most interest to the present study (Bunford et al.,
2014; Kofler et al., 2011; McQuade et al., 2013). WM has been associated with poor
interpersonal functioning in both children (Kofler et al., 2011; McQuade et al., 2013) and
adults (Deater-Deckard, Sewell, Petrill, & Thompson, 2010). Recent studies have
examined the potential mechanisms behind this relationship in ADHD and neurotypical
populations. In one study done by Kofler and colleagues (2011), the behavioral
symptoms of ADHD (i.e., hyperactivity/impulsivity and inattention) were found to
significantly mediate the relationship between WM deficits and social problems in a
group of young boys with ADHD. A similar study by Bunford and colleagues (2014)
found that symptoms of ADHD mediated the relationship between EF and social
problems, with inattention mediating the relation between WM and social problems and
hyperactivity/impulsivity mediating the relation between inhibition and social problems.
In an investigation of the specific social problems associated with WM deficits,
McQuade et al. (2013) found that certain behavioral deficits (i.e., conflict resolution and
physical aggression) mediated the relationship between WM and peer rejection and broad
social competence, further lending support to the idea that it is the behavioral
manifestation of EF deficits that leads to poor social functioning in children (Kofler et al.,
2011; Hilton et al., 2017). In sum, what these studies suggest is that poor WM ability
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leads to attentional and behavioral difficulties, and these symptoms in turn lead to social
functioning problems (Bunford et al., 2014; Kofler et al., 2011; Hilton et al., 2017).
Social Encoding and ADHD
It seems clear that WM may play an important role in one’s ability to successfully
engage in social interaction; however, investigations to date have relied upon
correlational data analyses to test this hypothesis. One important aspect of studying this
area is recognizing the very complex nature of both EF and social functioning.
Traditionally, EF has been defined by sometimes more than 30 distinct skills, and there is
currently no consensus on how to define EF (Barkley, 2012). This becomes even more
problematic when examining an outcome that is arguably just as complex and broad:
social functioning. For example, in the Social Information-Processing (SIP) model of
human interaction, there are at least six well-defined steps that occur in any specific
social interaction: encoding of cues, interpretation of cues, clarification of goals, response
access or construction, response decision, and behavioral enactment (Crick & Dodge,
1994). If we are to make progress in understanding exactly how specific EFs affect the
broad outcome of social functioning, we must also examine these skills in relation to
specific components of well-established theories of social adjustment. A logical first step
is to examine social information-processing in a systematic fashion, beginning with the
encoding of social cues.
Although the literature connecting social encoding, EF, and ADHD is relatively
scarce, there have been some studies that point to the relation between these constructs.
For example, studies have shown that individuals with ADHD tend to encode fewer
social cues than comparison children when presented with vignettes (Andrade et al.,

5

2012; Matthys, Cuperus, & van Engeland, 1999). Further, analyses of the errors in
encoding show that these tend to be nonsystematic (Andrade et al., 2012; Cadesky et al.,
2000; Sibley, Evans, & Serpell, 2010), which may indicate that inattention is the issue
rather than biased attending (McQuade & Hoza, 2015). This fits well with research
reviewed earlier, as researchers have found the relationship between WM and social
problems to be mediated by attention problems (Bunford et al., 2014; Hilton et al., 2017;
Kofler et al., 2011), logically supporting connections among WM, inattention, social
encoding, and social impairment. Additionally, children with ADHD have more trouble
integrating and organizing social cues and are more likely to interpret social situations
using the most recent contextual information (Milch-Reich, Campbell, Pelham, Connelly,
& Geva, 1999), which may be a problem in either the encoding step of SIP or in the
process of moving from encoding to interpretation.
Dual-Task Methodology
While this literature points in a promising direction in regard to the relation
among these variables, the studies above are still correlational in nature, making causal
interpretations impossible. With this in mind, it is important to begin investigating the
proposed connections by targeting distinct EF skills and specific SIP facets such as
encoding while making specific hypotheses based on theory and past research. In order to
begin establishing a causal connection and piecing apart the potentially complex nature of
the association between EF and social ability, an experimental design approach is
necessary. One experimental approach that has been used recently and shows promise in
this area is dual task methodology (Phillips, Tunstal, & Channon, 2007). Dual task
methodology consists of having individuals engage in two tasks simultaneously while
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measuring performance in both. This allows for more specific measurement of the
various cognitive abilities used in performing the task at hand than simple correlational
methods, in that any two tasks that depend on the same cognitive resources should
interfere with each other when performed in synchrony (Phillips et al., 2007).
Studies using the dual-task method of assessment have found support for the role
of WM in the encoding of social cues and emotions; however, it appears the nature of the
encoding task plays an important role in the outcome (Patterson & Stockbridge, 1998;
Phillips et al., 2007; Phillips, Channon, Tunstall, Hedenstrom, & Lyons, 2008). There is
relative agreement among researchers that daily social judgments rely on both automatic
processes that may require little effortful direction of attention and more cognitively
taxing processes that require both attention and working memory resources (Phillips et
al., 2007; Wegner & Bargh, 1997). With this in mind, the degree to which a study’s
social encoding task taps these automatic vs. effortful processes will influence the
association of results. Additionally, there is some evidence to suggest that not all of social
processing is dependent on WM when using a WM preloading paradigm (Patterson &
Stockbridge, 1998; Patterson, Foster, & Bellmer, 2001). Despite this, there is a great deal
of evidence from dual task studies (Gilbert, Pelham, & Krull, 1988; Phillips et al., 2007;
Phillips et al., 2008) and brain lesion research (Bryson, Bell, & Lysaker, 1997; Channon
& Crawford, 2000; Mah, Arnold, & Grafman, 2004) that implicates similar brain
networks in both social encoding and WM.
For example, Phillips and colleagues (2007) found that WM resources were
significantly more taxed and social encoding more impaired in a dual task employing the
Profile of Nonverbal Sensitivity (PONS; Rosenthal, Hall, DiMatteo, Rogers, & Archer,
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1979) compared to a dual task using the Interpersonal Perception Task (IPT; Archer &
Costanzo, 1988; Costanzo & Archer, 1989). The authors suggest the shorter time frame
of clips used in the PONS (2 seconds) may require more directed and effortful processes
than the IPT, in which the longer timeframe (30 seconds) may allow for bits and pieces of
important information to be put together over the time frame to decode the social cues. In
other words, the short time frame of the PONS taxes WM more since there is less time to
complete both tasks required. In another study done by Gilbert and colleagues (1988), the
authors found that executive load (i.e., remembering topics from previous conversations
during current conversation) affects one’s ability to accurately and effectively encode and
interpret situational and dispositional cues in others, which again may indicate
interference in either the encoding stage or organization of encoded information for
interpretation.
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2. THE PRESENT STUDY
The aim of the present study was to examine the relationship between the specific
EF skill of working memory (WM) and social encoding using a controlled experimental
design with neurotypical control children and children with ADHD. As outlined in the
paragraphs above, WM is the EF skill that has been most consistently linked, both
logically and empirically, to difficulties in social functioning broadly as well as social
encoding specifically (Andrade et al., 2012; Bunford, et al., 2014; Hilton et al., 2017;
Kofler et al., 2011; Matthys et al., 1999; Rinskey & Hinshaw, 2011); however, to date,
there have been few controlled experimental manipulations of WM to examine how
taxing WM affects social encoding. In this study, children with and without ADHD
completed a battery of tasks using a dual-task paradigm to examine the effect of taxing
WM on children’s ability to encode nonverbal social information. There were three main
hypotheses. First, compared to children without ADHD, children with ADHD were
expected to show greater deficits in baseline measures of executive functioning and social
functioning as well as overall social encoding performance. Second, we expected to find
a significant reduction in social encoding across both ADHD and control groups when
comparing performance in dual-task versus single-task phases of the study (i.e., a main
effect of task). Lastly, it was hypothesized that this performance reduction effect would
be magnified in the ADHD group (i.e., a significant interaction of group x task).
Secondary analyses of performance on the PONS as a function of n-back level will be run
to probe potential effects of WM loading.
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3. METHOD
Participants
The final sample consisted of 40 children (20 ADHD, 20 Control) between the
ages of 8 and 12 (M = 9.82; SD = 1.48). 55% of the children were males. For
race/ethnicity, the majority of the sample was Caucasian (60%) with remaining
participants being African-American (35%), Asian (2.5%), or Hispanic/Latino (2.5%).
Groups were recruited to be matched on age, sex, and IQ, and t-tests and chi-square
analyses revealed no significant differences on these variables (ps < .05). The groups
were significantly different on race (coded as Caucasian vs. African- American), χ2(1) =
4.07, p = .04, with more African-American children in the ADHD group than the Control
group. Descriptive and demographic information for the overall sample and each
experimental group is displayed in Table 1.
Children and their parents were recruited from the city of Tuscaloosa and
surrounding area via clinical referrals, posted advertisements, and in-person recruiting at
camps, gyms, and local afterschool programs. Prior to coming into the lab, participants’
parents completed a short phone screen comprised of screening questions about
inclusion/exclusion criteria and the Kiddie Schedule for Affective Disorders and
Schizophrenia for School Aged Children (K-SADS) ADHD screening module to assess
for ADHD diagnostic criteria. Parents completed a separate consent to participate in the
phone screen process. Parents who reported their child had a positive diagnosis of autism
spectrum disorder or another developmental disorder, had symptoms of psychosis, were
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visually impaired, had complicating medical conditions, a diagnosis of epilepsy or
presence of seizures, or met criteria for an intellectual disability were excluded from the
study (n = 0). Further, participants were required to have an estimated full scale IQ > 80
based on an abbreviated IQ assessment given in the laboratory. Only one participant was
excluded from the study due to this criterion. These exclusion criteria were chosen due to
the fact that social functioning deficits in those with these disorders and/or those with
these symptoms may have separate etiologies for their social functioning deficits than
those with ADHD.
Children were included in the ADHD group if their parents reported clinically
significant ADHD symptoms as evidenced by a positive diagnosis on the K-SADS
ADHD module or a positive indication of clinically significant symptoms of ADHD on
the ADHD Rating Scale 5 (i.e., above 93rd percentile). Given meta-analytic data
indicating that the ADHD, primarily hyperactive/impulsive (ADHD-HI) presentation has
significantly different WM performance than either the ADHD, primarily inattentive
(ADHD-IA) or ADHD, combined presentations (ADHD-C; Willcutt et al., 2012),
individuals meeting criteria for only ADHD-HI were excluded from the study (n = 0).
Children were included in the control group if their parents reported fewer than three
symptoms of ADHD on the K-SADS ADHD module or below the 85% percentile on the
ADHD Rating Scale 5 (i.e., equivalent of an endorsement of less than three symptoms of
ADHD) and reported no history of current or past psychiatric disorders.
Following the phone screen, eligible families were scheduled for their
experimental session. Participants presented to the University of Alabama Department of
Psychology to complete informed consent and assent procedures and the study tasks and
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measures (see below). Information about the study was first provided to the parent and
child together, then each individual met with the researcher alone to allow for questions
and clarification. For children, the Decision Making Capacity Assessment was used to
ensure understanding and capacity to make informed decisions before continuing with the
study. Following informed consent, the parents completed observer-report measures of
EF, social functioning, and ADHD symptomatology while their child completed IQ
screening tasks, questionnaires, and the experimental tasks of working memory and
social encoding.
Measures
Behavior Rating Inventory of Executive Function – Parent Form (BRIEF-P;
Gioia et al., 2002). The BRIEF consists of 86 items that assess the parent’s view of their
child’s self-regulation as reflected in specific problem behaviors at home and in school. It
yields eight clinical scale scores, which load onto two indices: Behavior Regulation
(Inhibitory Control, Shifting, Emotional Control) and Metacognition (Initiation, Working
Memory, Planning and Organization, Organization of Materials, and Monitoring). Higher
scale scores on the BRIEF indicate poorer self-regulation in each domain. Parent reportbased T scores (M = 50, SD = 10) were used in the present study to provide measures of
executive functioning deficits in everyday life. High internal consistency has been found
for the BRIEF Parent form subscales (αs = .80-.98). Internal consistencies for the current
study were high and consistent with past studies (αs = .85-.98).
Child Behavior Checklist for Ages 6-18 (CBCL; Achenbach & Rescorla, 2001).
Attention problems and social competence were assessed via parents through the Child
Behavior Checklist. The CBCL is a 113-item paper and pencil questionnaire completed
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by parents. Parents were asked to indicate how often the behavior listed for each item is
true of their child using a three-point Likert scale (often/always true, sometimes true, and
not true). Achenbach (2001) reported high internal consistency for the Attention
Problems (α = .86) and Social Problems (α = .82) constructs. The validity of the CBCL/618 has been established through repeated factor analyses and associations with other
variables of interest (see Achenbach & Rescorla, 2001). In the current study, internal
consistencies for CBCL constructs ranged from adequate (α = .72; Rule Breaking) to high
(α = .92; Aggression Problems). The Attention Problems (α = .86) and Social Problems
(α = .74) constructs both displayed good internal consistency.
Social Skills Improvement System (SSIS; Gresham & Elliot, 2008). The SSIS is
a revision of the Social Skills Rating System (SSRS; Gresham & Elliot, 1990) and is a
rating scale that assesses social skill deficits for the purpose of tailoring interventions for
students. It includes forms for parents, teachers, and students and helps identify
frequency and perceived importance of positive behaviors, assessment of problem
behaviors, and broad academic performance. Revisions from the SSRS include updated
norms, additional subscales, alignment of content across the different forms, improved
psychometric properties, the addition of validity scales, the development of Spanish
forms, and improved connection of assessment and intervention (Gresham & Elliot,
2008). The parent form of the SSIS exhibits good (α = .73) to excellent (α = .95) internal
consistency across scales and subscales for ages 5 to 12 years old. The test-retest
reliability ranges from good (r = .70) to excellent (r = .92). The SSIS exhibits good
convergent and discriminant validity. Internal consistency in the current study was
excellent for both the Social Skills (α = .95) and Problem Behaviors (α = .95) scales.
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Profile of Nonverbal Sensitivity (PONS; Rosenthal et al., 1979). The PONS is a
commonly used task of nonverbal social cue encoding and interpretation and has been
shown to be a valid measure in both clinical and non-clinical populations. Among
children, the full PONS has an internal consistency between .86 and .90 (Rosenthal et al.,
1979) and is available in a child-friendly version. A non-actor female portrays dynamic
displays of face, body, and voice tone on video clips, which are then judged by the
participant on social domains such as dominance and emotional tone. The scene
portrayals and answer choices fall into one of four categories: submissive positive,
submissive negative, dominant positive, and dominant negative. The full PONS is 220
items and typically takes around 47 minutes to complete. For the current study, a shorter
version of the full PONS, called the face and body PONS, was used. The face and body
PONS consists of 40 items from the original measure in which silent video clips of facial
expressions and body movements are presented. Studies comparing the child versions of
the full PONS and the 40-item face and body PONS show similar properties, with
accuracy on the full PONS ranging from 63.7% to 68.0% and accuracy on the face and
body PONS averaging 67.3% (Rosenthal et al., 1979). This task was chosen to avoid
auditory interference with the n-back auditory task in the dual-condition of the study (see
below for details). Neuroimaging studies suggest that this task activates regions of the
frontal lobes thought to be involved in WM (Lawrence, Shaw, Giampietro, Surguladze,
Brammer, & David, 2006). Scores on the PONS have been found to be consistently and
positively related to a participant’s popularity with peers, observer-rated “sensitivity,”
quality of same- and opposite-sex relationships, number of friends, speed in making
friends, and understanding in relationships (Rosenthal et al., 1979).
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In an effort to ensure reading speed or proficiency did not affect participants’
ability to successfully answer the questions corresponding to each video clip, the 40
PONS face and body video clips were split into separate video files. In the single-PONS
phase, each trial consisted of a short pause (~5 seconds), followed by a cue indicating
that the clip is about to start (~500 milliseconds). Immediately following the presentation
of the cue, the PONS clip played (~2 seconds), followed by another short pause (~5
seconds), at which point the answer choices were presented for the participant to read and
respond by pressing the number keys 1, 2, or 3. In line with Phillips and colleagues
(2007), a third answer choice was added to decrease the likelihood that a correct answer
would be chosen by chance (i.e., chance guessing goes from 50% to 33% with the
addition of a third choice). The third unoriginal answer choice was always chosen from
the furthest vector to the correct answer for that item to minimize overlap with the correct
answer. For example, if the correct answer was in the submissive negative group of
choices, the third option was chosen at random from the dominant positive group of
choices.
Multidimensional Anxiety Scale for Children (MASC; March, Parker, Sullivan,
Stallings, & Conners, 1997). The MASC is a 45-item self-report questionnaire designed
for children between 8 and 16 years of age. For each item, the child is asked to endorse
one of four responses (i.e., never true, rarely true, sometimes true, often true). This is a
psychometrically sound instrument with high test-retest reliability, high internal
consistency, and acceptable convergent and discriminant validity (March et al., 1997;
March & Sullivan, 1999). Main and subfactor scores include (1) Physical Symptoms
(Tense/Restless and Somatic/Autonomic), (2) Social Anxiety (Humiliation/Rejection and
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Public Performance Fears), (3) Harm Avoidance (Perfectionism and Anxious Coping),
and (4) Separation Anxiety. A total anxiety score, an anxiety disorders index, and an
inconsistency index are also obtained. Internal consistency for the MASC total score in
the current study was excellent (α = .89).
Child Concentration Inventory (CCI; Becker, Luebbe, & Joyce, 2015). The CCI
is a 14-item self-report questionnaire designed for children between 8 and 13 years of
age. For each item, the child is asked to endorse one of four responses (i.e., not at all, just
a little, pretty much, very much). The CCI is based off of a teacher- and parent-report
measure called the SCT Scale (Penny et al., 2009), and has been shown to be a
psychometrically sound instrument with high internal consistency, interrater reliability,
test-retest reliability, and convergent and discriminant validity. Although two and three
factor models of the CCI were supported through exploratory structural equation
modeling, the authors found that the CCI is best used as a unidimensional measure
(Becker, Luebbe, & Joyce, 2015). Internal consistency for the CCI total score in the
current study was excellent (α = .87).
ADHD Rating Scale-5 for Children and Adolescents (DuPaul, Power,
Anastopoulos, & Reid, 2016). The ADHD Rating Scale-5 is an updated version of the
ADHD-Rating Scale-IV that reflects changes made in the DSM-5 to the criteria for
ADHD. The measure includes 18 items that assess child behavior in the domains of
inattention (9 items) and hyperactivity-impulsivity (9 items). It also includes 6 additional
items for each domain that tap functional impairment across settings. Observers are asked
to rate the child or adolescent on a 4-point scale ranging from 0 (never or rarely) to 3
(very often) for symptom items and 0 (no problem) to 3 (severe problem) on impairment
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items. The ADHD Rating Scale-5 comes in child and adolescent versions with more
developmentally appropriate language for each age group, home and school versions that
tailor wording to the setting, and both English and Spanish translations of each
version/age group. Reliability coefficients were calculated for both home and school
versions and ranged from α = .89 to α = .96, indicating excellent internal consistency.
Calculation of internal consistency for the total score revealed high reliability (α = .95).
The ADHD Rating Scale-5 also relates strongly to other well-validated measures of
ADHD symptoms in school and at home, as well as measures of functional impairment
across multiple domains.
N-back Task. An n-back task is a commonly used WM task in which letters are
presented one at a time, either on a computer screen (visual WM) or through computer
speakers (auditory WM), and participants must respond to target letters either at the time
of presentation (0-back) or when the target letter is the same as the letter presented one
trial previous (1-back) or two trials previous (2-back). For example, in a 2 back trial, the
task may present the letters T – X – L – X (target), where the participant should not
respond to the first X but should respond to the second, because it matches the letter two
trials previous.
In the current n-back task, all letters were presented through the participants’
headphones in a male voice. The inter-stimulus interval was two seconds between the end
of one letter and the beginning of the next, with a total of 6 letters presented in each trial.
For each of the conditions (0-, 1-, & 2-back), a total of 72 letters were presented, with
25% being targets (18 letters). Following the method of Phillips et al. (2007), participants
were asked to repeat each letter unless it was a target letter, to which they should respond
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by saying “snap.” In line with the aforementioned study, 3 letter sets (ZBQJ, XNTR, and
FLHY) were used to ensure auditory distinction between letters in the same set (Phillips
et al., 2007).
Wechsler Intelligence Scale for Children-IV (WISC-IV; Wechsler, 2003).
Intelligence was estimated using age-corrected scores on the Block Design and
Vocabulary subtests from the WISC-IV. These two subtests are frequently used to
estimate Full Scale IQ. They correlate .90 with the Full Scale IQ (Wechsler, 2003). The
WISC-IV is appropriate for youth between 6 and 16 years of age.
Procedure
Participants were randomized to complete either the dual-task condition first or
the single-task n-back condition first, with the single-task social encoding condition
always completed in the middle. Participants completed the assent/consent process
followed by the brief IQ screening. Participants then subsequently completed the
computerized tasks and questionnaires. For the computerized tasks, participants had a
“rest phase” after each task where they completed a questionnaire, the Multidimensional
Anxiety Scale for Children (MASC) and the Child Concentration Inventory (CCI) in this
order.
Task detail. In the single-task conditions, participants completed an n-back
working memory test and the Profile of Nonverbal Sensitivity (PONS) task separately to
independently assess WM and social encoding abilities. As outlined in the Measures
section above, the length of both single-task conditions was roughly equal to ensure the
most standardized comparison to the dual-task. In the dual-task phase, participants
concurrently performed the n-back task while also completing the PONS. Each trial
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consisted of 6 letters presented two seconds apart, with the PONS clip appearing roughly
in the middle of the trial. Following the last presented letter, the answer choices were
presented. The next trial began immediately following a response by the participant. To
ensure that participants were maintaining sufficient WM load, instructions for the dualtask phase indicated that participants should respond to the best of their ability to the
target letters, while also watching the video clips. Children in the ADHD group were
asked to suspend medication 24 hours prior to their appointment (if applicable). Families
received a $50 Visa gift card at the end of the experimental session. Procedures were
approved by the UA Institutional Review Board on April 25, 2016.
Data Analysis
A power analysis was first conducted with GPower software version 3.1.9.2
(Faul, Erdfelder, Buchner, & Lang, 2009). Given relationships found in past studies
(Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005), a large effect size was expected
between groups for working memory. For a large effect size (f = .4) using a repeated
measures ANOVA, α = .05, and power = 0.8, 40 total subjects would be needed to detect
a between groups effect. Sixteen subjects would be needed for detecting the within group
and between x within interaction effect. Overall, this power analysis suggested that our
total sample of 40 would be appropriately powered for study analyses.
To test the study hypotheses, two main analyses were run. First, a series of t-tests
compared those with and without ADHD on study variables. Superordinate constructs
were first tested (e.g., Internalizing Problems), and if significant, subordinate constructs
were tested (e.g., Anxious/Depressed and Withdrawn/Depressed). When subordinate
constructs were examined, Holm-Bonferroni corrections were used to control for alpha
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inflation. Second, two repeated-measures mixed model ANOVAs were run. For analyses
of social encoding accuracy, the between group variable was group status (ADHD v.
control), the within group variable was condition (single v. dual-task), and the DV was
performance on the PONS task. An additional analysis of social encoding accuracy as a
function of n-back level was run to examine the effect of WM load on PONS accuracy
across the two groups.
For analyses of WM performance, the between group variable was group status,
the within group variables were experimental condition (single vs. dual-task) and n-back
level (0-back vs. 1-back vs. 2-back), and the DV was performance on the n-back task.
Due to lack of differences on age, gender, and IQ, no covariates were included in the
analyses. Analyses with and without race as a covariate showed no differences in results;
therefore, analyses without covariates are reported below.
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4. RESULTS
For CBCL scales, independent samples t-tests revealed significant group mean
differences between the ADHD and control groups for Externalizing Problems,
Internalizing Problems, Attention Problems, and Social Problems (ps < .05; see Table 2).
Analysis of subordinate scales for Externalizing Problems using Holm-Bonferroni
correction revealed significant differences on the Rule Breaking Behavior and Aggressive
Behavior scales (ps < .05). Analysis of subordinate scales for Internalizing Problems
revealed no significant differences. For these scales, the mean differences were in the
expected direction, with the ADHD group displaying higher levels of problems in each
area. Notably, the largest effect sizes were for Attention Problems (d = 3.90),
Externalizing Problems (d = 1.94), and Rule Breaking (d = 2.03).
For BRIEF-P scales, independent samples t-tests of superordinate scales and ttests of subordinate scales using Holm-Bonferroni correction revealed significant
differences on all scales (ps< .05; see Table 3), again, with the ADHD group showing
more problems in each area of EF. Notably, the largest effect sizes were for Inhibition (d
= 2.94) and Working Memory (d = 2.97), the executive functions thought to be most
implicated in ADHD (Willcutt et al., 2012). For the MASC and CCI scales, t-tests
revealed no differences between the ADHD and control groups, indicating similar levels
of self-reported symptoms between groups (ps > .05). Finally, for the SSIS, the ADHD
group displayed significantly lower Social Skill and Problem Behaviors than the control

21

group (ps < .05). Means and standard deviations for all measures, with the exception of
the nonsignificant MASC and CCI scales, are reported in Tables 2-4.
Social Encoding
For analyses investigating the effects of group and condition on participants’
ability to accurately encode social cues, there was a significant main effect of condition,
F (1, 38) = 7.31, p = .01, ηp2 = .161, with participants performing significantly worse on
social encoding during the dual-task condition (M = 17.43; SD = 3.54; 48.41% correct)
relative to the single-task PONS condition (M = 19.30; SD = 3.57; 53.4% correct). There
was also a significant main effect of group, F (1, 38) = 4.12, p = .05, ηp2 = .10, with
individuals in the ADHD group (M = 17.50; SD = 2.87; 48.60% correct) performing
significantly worse on social encoding than individuals in the control group (M = 19.23;
SD = 2.25; 53.4% correct). The initial study hypothesis that there would be a group x
condition interaction was not supported, F (1, 38) = 1.09, p = .30, ηp2 = .03. Despite a
nonsignificant interaction of group and condition, a plot of performance across conditions
by ADHD and control groups (Figure 1) appears to show a trend in the direction of the
expected effect.
Secondary analysis of PONS accuracy as a function of n-back level within the
dual-task condition showed a main effect of group, F (1, 38) = 5.14, p = .03, ηp2 = .12,
with the control group (M = 6.23; SD = .97; 51.92% correct) outperforming the ADHD
group (M = 5.40; SD = 1.30; 45.00% correct) on PONS accuracy. There was not a
significant effect of n-back level, F (2, 76) = 2.32, p = .11, ηp2 = .06, or group x n-back
level interaction, F (2, 76) = 1.81, p = .17, ηp2 = .05. Despite the nonsignificant
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For partial eta squared, .01 = small, .06 = medium, and .14 = large
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interaction, there again appeared to be some manipulation trend in the direction of the
expected effect (see Figure 2).
Working Memory
For the analysis investigating the effect of group, condition, and n-back level (i.e.,
0-, 1-, or 2-back) on n-back total correct, the assumption of sphericity was violated to a
small degree for n-back level and the n-back level x task interaction. Because the
assumption of sphericity was only mildly violated, the less conservative Huynh-Feldt
correction was used to interpret ANOVA results and is represented in the model degrees
of freedom for these results.
First, a main effect of n-back level was found, F (1.61, 76) = 92.87, p < .001, ηp2
= .71. Contrasts revealed that all three levels were significantly different, with these
differences in the expected direction of 0-back performance (M = 16.68; SD = 1.52;
92.67% correct) better than 1-back performance (M = 15.18; SD = 2.25; 84.33% correct)
and 1-back performance better than 2-back performance (M = 11.21; SD = 3.59; 62.28%
correct; See Figure 3). There was also a significant main effect of group, F (1, 38) = 6.35,
p = .02, ηp2 = .14, indicating that participants in the control group (M = 15.14; SD = 1.78;
84.11% correct) performed significantly better than participants in the ADHD group on
the n-back (M = 13.58; SD = 2.14; 75.44% correct).
Finally, there was a significant interaction effect between n-back level and
condition, F (1.76, 76) = 5.26, p = .01, ηp2 = .12, indicating that performance on n-back
level differed as a function of condition. Contrasts were performed comparing each level
of the n-back to the single- or dual-task condition. The first contrast revealed that there
was no difference between the 0-back and 1-back levels in the single- or dual-task
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conditions, F (1, 38) = .004, p = .95. In other words, participants’ performance in the 0back and 1-back conditions did not differ as a result of being in the single-task or dualtask phases of the study. The second and third contrasts revealed a significant difference
of 0-back versus 2-back level, F (1, 38) = 5.60, p = .02, and 1-back versus 2-back level, F
(1, 38) = 7.85, p < .01, as a function of single- or dual-task condition. These results
showed that participants’ performance on the 0-back and 1-back compared to the 2-back
decreased at a sharper rate in the single-task condition than in the dual-task condition
(See Figure 4). There was no significant interaction of condition, level, and group.
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5. DISCUSSION
Social Encoding
The current study sought to understand the role of WM in the encoding of social
cues in children with and without ADHD. Our findings indicated that, in line with our
first hypothesis, control children had significantly lower baseline levels of social
problems and executive functioning deficits than those with elevated ADHD symptoms.
In addition, control children also outperformed children with elevated ADHD symptoms
on the social encoding task in both the single and the dual-task conditions, suggesting
that children with clinically elevated ADHD symptoms have greater difficulty encoding
nonverbal social cues. This finding is consistent with past research, which has found that
children with ADHD have particular difficulty with the encoding of social cues (Andrade
et al., 2012; Matthys et al., 1999).
In relation to our second hypothesis, participants as a whole had more difficulty
accurately encoding nonverbal social information when WM demands were increased
during encoding trials. These findings are in line with previous research on the role of
WM in social encoding. For example, as discussed earlier in this paper, Phillips and
colleagues (2007) found that increasing WM load on a dual-task impairs social encoding
ability in normal adults. We found this to be true in children as well, suggesting some
general role of WM in social encoding across the lifespan and for children with and
without ADHD.
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In relation to our third hypothesis, we predicted that ADHD group status and
condition would result in a significant interaction, in that individuals in the ADHD group
would decline at a sharper rate in their encoding accuracy during the dual-task phase
relative to the control group. This hypothesis was not supported. Despite this unexpected
null finding, there are a number of possible explanations for this result. One
methodological explanation for our null interaction finding is that the social encoding
task was simply too difficult and/or not sensitive enough to detect our predicted
interaction effect. The PONS has been well studied and has predictive validity for social
variables (Rosenthal et al., 1979); however, the original measure had an average accuracy
of only 67%, or 17 percentage points above chance (i.e., 50% in the original study). In
the current study, we added an additional answer choice and increased the difference
between chance levels (i.e., 33%) and average accuracy on the single-task (i.e., 53%) to
20 percentage points. Although our sample was adequately powered to detect large
difference in social encoding between children with and without ADHD, we may have
been underpowered to detect what is possibly a smaller and more nuanced interaction
effect of WM load and ADHD status on social encoding accuracy. Future studies may
benefit from approaching this question using a large, dimensional sample of children
rather than restricting study participation to those with only high or low WM ability.
Another explanation for our null interaction is that WM interference may be
differentially related to the social encoding target, as the PONS uses a mixture of face
only, body only, and both face and body presentations. In past research, the degree of
interference for concurrent WM tasks has been found to be dependent on the encoding
target (Bull, Phillips, & Conway, 2006; Phillips, Channon, Tunstall, Hedenstrom, &
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Lyons, 2006). In one study, the authors found little concurrent WM interference when
decoding mental states from pictures of eyes (Bull et al., 2006), whereas interference was
significant when differentiating emotional expressions from pictures of faces in a second
study (Phillips et al., 2006). Although we were still able to measure and detect social
encoding differences between control children and children with ADHD, the varied
targets in the PONS may have made it difficult to detect the expected interaction effect if
target and degree of dual-task interference are indeed related. Future studies using more
homogenous social encoding targets that systematically differ across trials may inform
which aspects of social information encoding are related to WM ability.
Working Memory
Though this study was more focused on the effect of a dual-task WM design on
social encoding, we did investigate the effect of the dual-task on n-back performance.
Similar to the results of the social encoding analysis, we found that control children
outperformed children in the ADHD group on the n-back task in both the single- and
dual-task conditions. There was also a significant effect of n-back level, indicating that
performance significantly decreases with each additional level of the n-back. Again, the
lack of interaction between group status and either the n-back level or condition was
unexpected. These results, taken in conjunction with the results of the social encoding
analyses, suggest that children with ADHD simply have lower baseline WM but their
WM performance mirrors that of typically developing children as demand on their
executive system increases.
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Limitations and Future Directions
This study adds to the growing literature on the neurocognitive factors that
contribute to functional outcomes in children with and without ADHD; however, there
are a few notable limitations. First, despite a fairly representative sample of Caucasian
and African American children, our study did not adequately represent other racial and
ethnic groups, limiting the generalizability of our findings to those groups. Another
limitation of this study was the social encoding task used in the experimental conditions.
Currently, options for well-validated, dynamic measures of social encoding are scarce.
The PONS was chosen over the IPT due to previous null findings using a dual-task
approach (Phillips et al., 2007); however, as stated earlier, an average accuracy of 53%
on the PONS in the current study may not allow for adequate measurement of more
nuanced interaction effects when chance guessing is only 33%. The PONS also uses an
adult female non-actor to portray the scenes. Future studies would benefit from the use of
child targets to evaluate social encoding differences that may exist between children
encoding cues from peers versus adults.
In regard to the dual-task paradigm, this study would have benefitted from the
addition of other well-established measures of WM to strengthen the argument that it is
WM interference causing decreases in social encoding accuracy, rather than simple
cognitive loading. The n-back may not be appropriately loading WM or may be loading
only a particular facet of a multifaceted WM construct (Oberauer, Süß, Wilhelm, &
Sander, 2007; Unsworth & Spillers, 2010), which may be a different facet than that
required for encoding social information.
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Several recent studies have investigated the use of the n-back in WM research.
One study found the n-back to possess a lack of concurrent validity when compared to
complex span, a well-established WM measure in the cognitive literature (Kane, Conway,
Miura, & Colflesh, 2007). Another study found that the n-back has questionable
reliability but also suggested that it may still be empirically useful in experimental WM
research (Jaeggi, Buschkuehl, Perrig, & Meier, 2010). Finally, a meta-analysis found that
n-back does not correlate well to other established WM measures but that this may be due
to the fact that it is measuring a separate subset of the processes present in WM (Redick
& Lindsey, 2013). Given the current state of uncertainty regarding what aspects of WM,
if any, the n-back may be measuring, future studies utilizing a dual-task methodology to
understand the WM and social encoding relationship would benefit from the addition of
other established tasks of WM, such as complex span (Kane et al., 2007).
Despite these limitations, this study lends additional support to a role of WM in
aspects of social information processing, specifically the encoding of nonverbal cues. It
appears that children with ADHD may simply possess lower baseline WM ability, but
they are still able to employ this cognitive skill to a degree that parallels children without
ADHD as executive load increases. In addition to informing basic neurocognitive models
of social functioning, this study also supports the move in the field to study cognitive
training interventions aimed at improving EF deficits (Chacko, Kofler, & Jarrett, 2014;
Rapport, Orban, Kofler, & Friedman, 2013). Conceptually speaking, the results of this
study suggest that if WM deficits can be improved, we may find a subsequent decrease in
social encoding deficits, even under mild levels of cognitive load. Further study of these
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processes may help refine our theories of EF and interventions for EF deficits and social
problems.
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Table 1: Descriptive and Demographic Information for Experimental Groups and Combined Sample

Female

African American*

Caucasian*

2.5%

10%

37.5%

27.5%

22.5%

Control

2.5%

0%

25%

22.5%

27.5%

22.5%

ADHD

2.5%

2.5%

35%

60%

55%

45%

Combined

Group

Male

Asian

0%

WISC-IV Block Design

Age

11.35

11.29

9.55

M

2.55

3.26

1.47

SD

10.30

10.35

10.10

M

3.80

3.08

1.48

SD

10.78

10.78

9.83

M

3.28

3.15

1.48

SD

Race/Ethnicity

Hispanic/Latino

WISC-IV Vocabulary

NOTE: WISC = Wechsler Intelligence Scale for Children- Fourth Edition; Scaled scores reported; M = mean; SD = standard
deviation; * = Chi-square test significant between groups, χ2(1) = 4.07, p = .04.
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Table 2: Means and Standard Deviations for CBCL Syndrome Scales

Aggressive Behavior

Rule Breaking

Attention Problems

Social Problems

Somatic Complaints

Withdrawn/Depressed

Anxious/Depressed

52.00

53.00

52.00

52.06

53.53

55.05

55.47

55.47

M

10.98

12.21

4.95

2.87

2.54

6.41

6.04

7.97

8.60

SD

62.95

62.65

63.15

62.65

67.90

61.05

60.60

61.05

61.10

M

8.36

7.62

8.71

6.83

5.55

6.15

7.98

8.09

7.88

SD

-5.94

-3.24

-4.25

-5.99

-10.83

-3.63

-2.35

-2.10

-2.08

t

.001

.001

.001

.001

.001

.001

.02

.04

.05

p

1.94*

1.05*

1.43a

2.03a

3.90*

1.20*

.78

.69

.68

d

ADHD

Internalizing Problems

44.06

Control

Externalizing Problems

* = difference is significant at the p < .05 level (2-tailed); a = significant using Holm-Bonferroni correction for multiple comparisons;
NOTE: M = mean; SD = standard deviation; d = Cohen’s d standardized difference effect size.
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Table 3: Means and Standard Deviations for BRIEF-P

Working Memory

Initiate

Emotional Control

Shift

Inhibit

44.00

45.18

46.76

45.00

48.82

49.94

45.65

47.71

M

11.38

8.36

6.32

8.65

8.88

12.59

11.74

8.14

11.33

SD

63.55

59.15

64.30

69.45

63.15

66.05

64.40

64.05

68.20

68.05

M

7.77

7.76

7.97

11.39

9.69

9.31

8.82

10.98

9.43

7.16

8.82

SD

-7.99

-5.74

-3.72

-6.08

-8.84

-5.51

-7.15

-4.02

-4.05

-8.97

-6.14

t

.001

.001

.001

.001

.001

.001

.001

.001

.001

.001

.001

p

2.62*

1.86a

1.07a

2.03a

2.97a

1.82a

2.38*

1.32a

1.33a

2.94a

2.00*

d

ADHD

Plan/Organize

48.59

11.38

68.05

Control

Organization of Mat.

45.41

9.20

BRI

MI

Monitor

45.76

GEC

* = difference is significant at the p < .05 level (2-tailed); a = significant using Holm-Bonferroni correction for multiple comparisons;
NOTE: M = mean; SD = standard deviation; d = Cohen’s d standardized difference effect size; BRI = Behavioral Regulation Index;
MI = Metacognitive Index; GEC = Global Executive Composite.
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102.41

M

11.47

11.51

SD

116.80

80.90

M

16.47

14.71

SD

-5.26

4.89

t

.001

.001

p

1.76*

1.70*

d

ADHD

Social Skills
91.82

Control

Table 4: Means and Standard Deviations for SSIS

SSISa

Problem Behaviors

a
= Scores are reported as Standardized Scores; * = difference is significant at the p < .05 level (2-tailed); NOTE: M = mean; SD =
standard deviation; d = Cohen’s d standardized difference effect size; SSIS = Social Skills Improvement System.
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ADHD

Control

Figure 1: Nonsignificant Interaction of Group and Condition on PONS Accuracy

PONS: Average Accuracy out of 36
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ADHD

Control

Figure 2: Nonsignificant Interaction of Condition, Level, and Group on PONS Accuracy

Average PONS Accuracy out of 12
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Figure 3: Significant Main Effect of N-Back Level on N-Back Accuracy
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Figure 4: Significant Interaction Effect of N-Back Level and Condition on N-Back Accuracy
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