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Working memory and social competence in individweith attention-deficit/hyperactivity
disorder (ADHD) symptoms and autism spectrum diso(ASD) traits
Kristin E. Austin
ABSTRACT
Attention Deficit/Hyperactivity Disorder (ADHD) @ahAutism Spectrum Disorder (ASD)

are heterogeneous neurodevelopmental disorderssimiilar functional impairments.
Specifically, working memory (WM) deficits have lbeund in studies of both ADHD and
ASD and social competence has been identified asemnin which these individuals also
struggle. The purpose of this study was (a) totilewhich components of working memory
(WM; based on Baddeley’'s 2000 model) are deficiamt (b) to explore how WM deficits
contribute to social problems in individuals withrying levels of ADHD symptoms and ASD
traits. It was hypothesized that visuospatial (VWY1 deficits would be evident in the three
analogue clinical groups, phonological (PH) WM aedtral executive (CE) deficits would be
more evident in groups with high ADHD symptoms,thtiee analogue clinical groups would
have lower social competence, and WM abilities \waubderate the relationship between
ADHD symptoms and social competence. In Phaselll 1®dergraduate students participated
in an online survey on general psychopathology, ADdymptoms, and ASD traits. From this
sample, a subgroup € 60) completed Phase Il, an in-lab session tidtided WM tasks, a
brief cognitive assessment, and social conversadisin Although WM deficits were not
identified for any group, all participants demoagtd worse performance on the VS WM task
than the PH WM task. However, WM abilities did modderate the relationship between ADHD
symptoms and social competence. Exploratory analysee conducted with similar results.

Limitations and suggestions for future researchdaseussed.
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WM AND SOCIAL COMPETENCE 1

Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) ia heterogeneous
neurodevelopmental disorder characterized by dewedmtally inappropriate levels of
inattention, hyperactivity, and impulsivity (Ameaie Psychiatric Association [APA], 2013). The
prevalence of ADHD is estimated to be 5% in chidda@d 2.5% in adults, with more males than
females meeting criteria for the disorder (APA, 2DDverall, gender differences range from
6.4:1 to 3:1, males greater than females (Keen &\W2004; Szatmari, Offord, & Boyle 1989).
Autism spectrum disorder (ASD), another heterogase®urodevelopmental disorder, is
defined by persistent deficits in social communaatnd social interaction as well as restricted,
repetitive patterns of behavior, interests or d@iitis (APA, 2013). The prevalence of ASD is 0.9-
1% in the US, with similar estimates for childremdadults (APA, 2013; Centers for Disease
Control and Prevention [CDC], 2012). As with ADH@ender differences are also found in
ASD, with rates of males to females estimated td-6el (APA, 2013; World Health
Organization, 1992). ADHD symptoms were previoublyught to be part of the presentation in
individuals with ASD and not distinct from it; hower, with recent changes to the Diagnostic
and Statistical Manual of Mental Disorders, Fifttitton (DSM-5), comorbidity between ADHD
and ASD as separate disorders is allowed. Prevalestanates of comorbidity of ADHD in
individuals with ASD vary from 1:3 (Simonoff, Pidd, Charman, Chandler, Loucas, & Baird,
2008; Leyfer, Folstein, Bacalman, Davis, Dinh, Mamget al., 2006) to 1:2 (Holtmann, Bolte, &
Poutska 2006; Sinzig, Walter, & Doepfner, 2009)adepng on sampling, diagnostic criteria,
and methodology. For example, in a recent studgiBpally examining ADHD symptoms from
both parent and teacher report in children withagmiosis of ASD, it was found that less than

16% of the ASD youth met clinically significant kg of ADHD symptoms (Hanson, Cerban,
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Slater, Caccamo, Bacic, & Chan, 2013). Thereftre,true” rate of comorbidity between ASD
and ADHD is not clear at this time.

The National Institute of Mental Health (NIMH) haisggested that the focus of research
shift away from diagnostic categories and insteah®@ne mechanisms and dimensions across
disorders (Insel, Cuthbert, Garvey, Heinssen, Rjnuenn, Sanislow, & Wang, 2010; Sanislow,
Pine, Quinn, Kozak, Garvey, Heinssen, Wang, & Ceitht2010). The NIMH proposed research
domain criteria (RDoC), including five domains thadre proposed to account for
endophenotypes, or the expression of the genabdity, of psychological disorders (see Doyle,
Faraone, Seidman, Willcutt, Nigg, Waldman, PenmingPeart, & Biederman, 2005; Insel &
Cuthbert, 2009). The five domains are cognitivdesys, negative valence systems, positive
valence systems, systems for social processegrandal/regulatory systems. Working memory,
one area of the cognitive systems domain, is défagean individual’s ability to simultaneously
process and temporarily store information for wseard a goal (Baddeley, 2007). Working
memory is differentiated from short-term memorytstitat working memory is the process
requiring attention whereas short-term memory ésdbmponent which taps specialized storage
and rehearsal processes (Alloway, Gathercole, Kiddy & Elliott, 2009). Specifically,
according to multiple models (e.g., Baddeley, 200sworth & Engle, 2007), working memory
involves not only the temporary storage and relaafanformation, but also control of
attention (i.e., central executive) to ensure thsk goals are maintained in an active state and to
reduce interference (Unsworth & Spillers, 2010).

Working Memory
Baddeley (2007) proposed a model of working men{@dfiyl) that includes four

components: the visuospatial sketchpad, the phgreabloop, the central executive, and the
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episodic buffer. As the name suggests, the visu@dsketchpad is primarily used for the
temporary storage of visual and spatial informatiad is associated with spatial working
memory; on the other hand, the phonological logmragosed to processes auditory information
and is associated with verbal working memory. Téati@al executive (CE) is responsible for
dividing attention among different stimuli, and essally regulating the information that is
being attended to and used at a particular poitina. That is, the central executive does not
involve storage of information; rather, it actsttas controller of attention, such that tasks
involving more cognitive control place more demaandghe central executive (Engle & Kane,
2004, Unsworth & Spillers, 2010). Individual difesrces in WM capacity are attributable to the
individual’'s ability to control attention in ordés maintain goal-relevant information when
interference or competition for attention is pragémgle & Kane, 2004). Finally, the episodic
buffer organizes the visual, verbal, and auditofgrimation into the correct chronological
sequence. All of these components are hypothesizedrk together for individuals with intact
WM abilities. Although other models of WM have bgeoposed (e.g., the dual-component
model; Unsworth & Engle, 2007), Baddeley’s (200 9dal of the storage/rehearsal and CE
components will be examined in this study as itlheesn widely studied in relation to WM
deficits in both ADHD and ASD (see Figure 1). Daoddck of research on the episodic buffer, it
will not be investigated here.
WM Deficits in ADHD

Evidence for WM deficits in individuals with ADHBave been found in the three
components of WM. That is, individuals with ADHDveadifficulty with storage of visual-

spatial information (e.g., Murphy, Barkley, & Bust01), storage of phonological information
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(e.q., Alderson, Hudec, Patros, & Kasper, 2013), @ntrolling attention to maintain both
visual-spatial and phonological information (eAjderson, et al., 2013).

Specifically, Martinussen, Hayden, Hogg-Johnsowl, Bannock (2005) conducted a
meta-analysis and found that children with ADHDwhd more impairment in maintaining and
manipulating visual-spatial (VS) information thanverbal information. Additionally, Willcutt
and colleagues (2005) found that children with ADEbhibited weaknesses in visual-spatial
information in a separate meta-analysis. Additignaleuropsychological profiles for
individuals with ADHD tend to show greater righpéial) than left (verbal) hemisphere
involvement (Karatekin, 2004). Other studies hdge éound WM deficits for VS information in
children with ADHD (Barnett, Maruff, Vance, Luk, €mn, Wood, & Pantelis, 2001; Brocki,
Randall, Bohlin, & Kerns, 2008; Martinussen & Taokp2006).

In studies of adults with ADHD, evidence is mixed the continued presence of VS WM
deficits. For example, in a study of young adulihvADHD, auditory (phonological) working
memory was found to be intact but nonverbal (visymtial) working memory was impaired
(Murphy, Barkley, & Bush, 2001). On the other haAttlerson, Hudec, Patros, and Kasper
(2013) found that adults with ADHD performed simijato healthy adults on a VS WM task,
suggesting that VS WM deficits in adults with ADHiRay improve over time as compared to
children with the disorder. However, the task puoh VS WM performance needs to be
considered in understanding these apparent difesenMurphy and colleagues (2001) used the
Simon game, which presented the stimuli with botlolared light and a tone corresponding to
the color, as a measure of nonverbal working memaltiiough the sequence should be
remembered visually (i.e., colored light patterhis possible that some participants were using

the different tones (i.e., phonological working naeg) to rehearse the information. Therefore,
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the results may not directly reflect pure VS WMidés$. On the other hand, Alderson and
colleagues used a task adapted from Rapport afehgaks’ (2008) study of WM deficits in
children with ADHD that required frequent attentbshifts between concurrent processing of
new information and rehearsal/maintenance of inédiom temporarily held in the buffer/storage
component and did not find any differences betwbervVS WM performance of adults with
ADHD and healthy controls (Alderson et al., 2018pnetheless, evidence for VS WM deficits
in adults is mixed despite the number of studigaatestrating impairments in children with
ADHD.

In contrast to Martinussen and colleagues’ (2008da-analysis of WM deficits in
children with ADHD, Boonstra and colleagues (200&)ducted a meta-analytic review of WM
in adults with ADHD and found deficits in adults mgprimarily in phonological working
memory (PH). As noted above, Alderson and colleadR@13) used an adaptation of Rapport
and colleagues’ (2008) working memory tasks to stigate working memory deficits in adults
with and without ADHD. The tasks they used requiredjuent attentional shifts and
rehearsal/maintenance of information temporarilg e the buffer/storage component and
found that the central executive and phonologit@igie/rehearsal processes of adults with
ADHD were both significantly impaired relative tedlthy adults. Furthermore, other studies
have demonstrated auditory WM deficits in adulthwADHD using tasks such as the Paced
Auditory Serial Addition (PASAT) and digit span (kKedekin & Arsanow, 1998; Lineweaver,
Kercood, O’Keeffe, O’'Brien, Massey, Campbell, & e, 2012; Murphy, Barkley, & Bush,
2001). However, studies of forward and backwaragpaks have been shown to be measures of
short-term memory rather than assessments of wgprkemory as they do not place sufficient

demand on the “working,” or central executive, comgnt (see Cantor, Engle, & Hamilton,
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1991; Engle, Tuholski, Laughlin, & Conway, 1999hefefore, deficits in PH WM for adults
with ADHD may be reflective of auditory short-temremory difficulties or in the
storage/rehearsal of auditory information within \WA% such, PH WM deficits in adults with
ADHD warrant further investigation.

Alderson and colleagues (2013) also found thaltaeith ADHD were significantly
more impaired in central executive (CE) processktive to healthy control adults. Similar
deficits in CE processes were found for boys witbHD (Rapport, Alderson, Kofler, Sarver,
Bolden, & Sims, 2008). It is possible that suchdsf are more related to attention difficulties,
as Unsworth, Spillers, and Brewer (2009) have sstggethat the ability to control attention in
order to maintain goal relevant information wheeréhis substantial distraction and interference
is responsible for individual differences in worgiimemory capacity. That is, working memory
capacity is the efficiency of the CE componenteoftested using complex span tasks and
requiring attentional control (Engle et al., 198@&ne, Hambrick, Tuholski, Wilhelm, Payne, &
Engle, 2004). Although results are mixed, thersoimie evidence to suggest that all three
components of WM (i.e., VS, PH, and CE) are deffitia individuals with ADHD.

WM Deficits in ASD

Evidence for WM deficits in individuals with ASDak been found primarily in the
visual-spatial component of WM. That is, individsiaith ASD have difficulty with storage of
visual-spatial information (e.g., Morris, Rowe, F&eigenbaum, Miotto, & Howlin, 1999);
however, storage of phonological information seémise intact (e.g., Williams, Goldstein,
Carpenter, & Minshew, 2005). The central execuligs not yet been investigated within the
context of WM deficits in individuals with ASD, sbis not known if these individuals show

deficits in this area.



WM AND SOCIAL COMPETENCE 7

Williams and colleagues (2005) investigated vedwal spatial WM in children,
adolescents, and adults with autism and foundsodiation between verbal and spatial WM.
That is, individuals with autism performed at a isamlevel to cognitive- and age-matched
controls on tasks that involved the phonologicapléi.e., verbal WM) but performed poorer
than controls on tasks that involved the visuospaketchpad (i.e., spatial WM). They
suggested that this dissociation may be due toriyiag neurobiologic substrates that may be
impaired in one form of WM (e.q., visuospatial sitgdad) but not the other (e.g., phonological
loop; Williams et al., 2005). However, Ozonoff adttayer (2001) did not find deficits with
individuals with ASD in comparison to a group wiktburette Syndrome and typically
developing children. Conversely, Minshew, Luna, &wkeney (1999) found that individuals
with autism were significantly impaired comparecétmtrols, showing more response
suppression errors and impaired precision in reacthie target following a delay on an
oculomotor response task.

Steele, Minshew, Luna, and Sweeney (2007) sugésée inconsistent evidence for
spatial WM deficits in individuals with autism mag due to insufficient task difficulty relative
to the ability level of the participants. Thatirsdividuals with autism may only show spatial
WM deficits when the memory load is sufficientlxéa and exceeds a threshold. For example,
Morris and colleagues (1999) used a spatial WM vagk a high memory load and found
deficits in individuals with Asperger’s syndromengpared to an age- and 1Q-matched control
group. Additionally, abnormal prefrontal corticaliictioning has been documented in autism
that may suggest visual-spatial WM systems are comiged (see Horowitz, Rumsey, Grady &
Rapoport, 1988; Luna, Minshew, Garver, Lazar, TaulbEddy, & Sweeney, 2002; Ohnishi,

Matsuda, Hashimoto, Kunihiro, Nishikawa, Uema, &&a 2000; Zilbovicius, Garreau,
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Samsom, Remy, Barthelemy, Syrota, & Lelord, 1986).example, Luna and colleagues (2002)
investigated fMRI results of adults with autismidgran oculomotor spatial working memory
task and a visually guided saccade task. They stgdi¢hat spatial WM was impaired as a result
of decreased activation (i.e., abnormalities inrtbecortical circuitry) in the dorsolateral
prefrontal cortex and posterior cingulate cortexmythe task (Luna et al., 2002).

Verbal or auditory (i.e., phonological) WM abiés have generally been found to be
intact in individuals with ASD (see Koshino, 2008ottron, Morasse, & Belleville, 2001;
Williams et al., 2005; Williams, Goldstein, & Minetv, 2006). However, Bennetto and
colleagues (1996) found verbal WM was impairedamparison to clinical controls on counting
and sentence span tasks. That is, adolescentand gdults in the autistic group (i.e., meeting
DSM-1II-R criteria for Autistic Disorder or Perva@ Developmental Disorder Not Otherwise
Specified), performed worse than the verbal IQ-mmadccomparison group (Bennetto,
Pennington, & Rogers, 1996). Additionally, Minshand Goldstein (2001) found verbal WM to
be intact in individuals with autism (mean age ¥ 22t as the complexity of the span task
increased (i.e., greater semantic complexity),aitsfin this area were more apparent, which they
attributed to a reduced use of contextual strucngeorganizational strategies (i.e., from letters
to words to sentences). This finding suggestsuwbdial WM deficits are apparent in individuals
with ASD only when task demands are high, suchtti@task requires more cognitive resources
to complete. Researchers have also found thatithdils with ASD have difficulty in retaining
and/or manipulating the temporal order of verbatamal using oral recall of digits, written
recall of words, and recognition of change in terapsequence (Poirier, Martin, Gaigg, &
Bowler, 2011). Although there is some evidenceuggest that individuals with ASD have

difficulty with verbal WM tasks, both studies tHfatind impairments used tasks (i.e., span tasks)
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that are considered tests of short term memorerdkttan measures of WM (due to the lack of
the combination of storage and mental manipuladfonformation; see Cantor et al., 1991,
Engle et al., 1999).

Therefore, VS WM deficits appear to be establishadultiple studies in adults with
ASD (Luna et al., 2002; Minshew, Luna, & Sweene399; Williams et al., 2005). However,
given the mixed evidence regarding PH WM defiaitendividuals with ASD, it remains to be
seen if the results are due to choice of task 8man tasks), insufficient task demands, or there
are simply no deficits in this area. Additionalhg studies to date have investigated if central
executive (CE) WM deficits are present in indiviaith ASD; although, the deficits that are
evident in the VS component may be due to difficatintrolling attention to successfully
maintain information “on-line” for use in the taskerefore, more targeted investigation of
potential WM deficits in individuals with ASD is aded.

Social Competence

Not only do individuals with ADHD and individualgith ASD have deficits in WM, they
also show impairment in their social interactioBpecifically, these individuals often show
lower social competence than healthy adults. Scoiapetence is defined as the “skills that
facilitate interpersonal interaction in the so@alironment, including the expression and control
of nonverbal communication” (p. 50, Friedman, Rapdaumley, Tzelepis, VanVoorhis,
Stettner, & Kakaati, 2003). Individuals with ADHVe difficulty relating to their peers and
much of the research in this population has focuseslocial outcomes such as peer acceptance
or friendships (e.g., Hoza, 2007). Individuals WkBD also have trouble relating to their peers;
however, the focus of investigation in this poplatoften concentrates on social cognition and

theory of mind deficits as well as communicationlpgems (e.g., Frith & Happe, 1994, Sigafoos,
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Schlosser, Green, O'Reilly, & Lancioni, 2008). Givhat these two populations have difficulty
in social interactions (e.g., Bauminger, Solomawviezer, Heung, Gazit, Brown, & Rogers,
2008; Friedman et al., 2003; Scheeren, Koot, & Beg2012; Whalen & Henker, 1992), it
follows that examining what behaviors individualshh/ADHD and individuals with ASD
display in common in social situations would beomnfiative in understanding how such
problems develop.
ADHD

Abikoff and colleagues (2002) found that childweith ADHD are more likely to be
rated as inappropriately intrusive during conveoset or when playing with their peers.
Furthermore, children with ADHD have difficulty $ting between giving and receiving in
dyadic interactions with a peer (Guevremont & Dumi®94; Saunders & Chambers, 1996).
Additionally, Clark and colleagues (1988) foundtttigads with one ADHD child engaged in
less reciprocal verbal interactions than comparthgads with no ADHD child. Based on these
studies, children with ADHD have difficulty bothiiiating and engaging appropriately in dyadic
social interactions. Furthermore, when interactuit their friends, children with ADHD were
found to show a self-centered and insensitive apgrgNormand, Schneider, Lee, Maisonneuve,
Kuehn, & Robaey, 2011). Finally, children with ADHBnd to show intense and overly
intrusive behaviors in social exchanges, such egydeud, energetic, and forceful (Whalen &
Henker, 1992).

In one interesting study by Landau and Milich (1p&®ildren with ADHD were
assigned to roles as either a host or a guestelewasion talk show game. Children with ADHD
were found to ask too many gquestions as a guedbanf@éw questions as a host, evidencing

communication difficulties or misunderstanding lo¢ir roles in this context. In this way, these
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children appeared to be less adaptive in theirtgldd shift their social communication patterns
according to task cues. The authors attributeddiffisulty to a possible inability to respond to
social or environmental cues for appropriate betravior the role they were assigned. They also
suggested that the communication difficulties ildren with ADHD may elicit negative
responses from peers (Landau & Milich, 1988). Aiddilly, in a later study, Landau and Moore
(1991) found that children with ADHD have difficyltesponding appropriately to continually
changing cues and demands that are typical oflSatg@actions. Therefore, children with

ADHD show difficulty with social communication asWas reading and appropriately
responding to social cues.

Some have suggested that social impairments assdavith ADHD are due to
hyperactive and impulsive symptoms. For instanebaliiors that may be perceived as rude and
obnoxious by others such as interrupting conversatibeing intrusive, blurting comments, and
being impatient may be due to behavioral disinlohita core feature of ADHD (Barkley, 1997,
Friedman et al., 2003). Furthermore, symptoms attémtion (i.e., being easily distracted,
having difficulty listening to others) may be viedvas indifferent and uncaring. In fact, adults
with ADHD have rated themselves as less socialijeskat regulating their social behavior than
non-ADHD adults (Friedman et al., 2003). Specifigahey reported difficulty with their skills
to engage others in conversation as well as tle#ipsesentation skills, including tactfulness and
the ability to adjust their behavior to be appraf®ito the situation. Therefore, social difficudtie
in individuals with ADHD are not confined to childbd; in fact, adults with ADHD continue to

be impaired in their social interactions in compani to healthy individuals.
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ASD

According to DSM-5 criteria, individuals with mifdrms of ASD show social
impairment in the areas of social interaction hatttheir social skills are less well developed
relative to typically-developing peers (APA, 201Bhese individuals may have difficulty
perceiving peers’ social cues and may show morereta&or immature styles of communication,
conversation, and language.

As children with ASD get older, they experienceitiddal social problems including:
difficulties with initiation of social interactiongnaintaining reciprocity, shared enjoyment,
perspective-taking, and inferring the interest thieos (Bellini, Peters, Benner, & Hopf, 2007).
Furthermore, youth with ASD are unlikely to inigagocial interactions with their peers and
adults (Hauck, Fein, Waterhouse, & Feinstein, 19@%)the other hand, individuals with ASD
who have higher intelligence, better adaptive bairayand lower autism severity scores tend to
seek interactions with others, often in an unustet such as by holding a monologue about a
particular interest or standing too close to a essation partner (Scheeren, Koot, & Begeer,
2012). Therefore, individuals with ASD either haxauble initiating interactions or initiate
interactions in a strange way, including difficatiin communication.

Further problems individuals with ASD experienceha area of social communication
include difficulty initiating and sustaining congations, often talking in monologues without
giving others a chance to contribute, having diftig building and developing on comments
made by others, and engaging in less chattinguolp social purposes (Pennington & Ozonoff,
1996). Moreover, individuals with ASD may seem dig&ged in conversation as a result of their
nonverbal behaviors, having difficulty coordinatitngir eye gaze, facial expression, and gesture

with their speech (Pennington & Ozonoff, 1996). @thocial behaviors that are impaired in
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individuals with ASD include difficulties with sagli use of eye contact; greeting in a natural
manner (i.e., not stiff); giving and receiving camtf fitting behaviors to the immediate social
context; and verbal interaction (Gillberg, Santa&rown, 2009; Hauck, Fein, Waterhouse, &
Feinstein, 1995).

In a study measuring reciprocal behavior, childsgh high-functioning ASD were less
collaborative and less tolerant of an experimesteput than typical children (van Ommeren,
Begeer, Scheeren, & Koot, 2012). In addition, imdlials with ASD tend to show inadequate use
of eye contact, problems initiating social interaas, difficulty interpreting verbal and
nonverbal social cues, inappropriate emotionalarses, and a lack of empathy to distress in
others (Weiss & Harris, 2001). Deficits in theofynand, or understanding that other people
have different thoughts, desires, and feelingselaso been proposed as underlying many of the
difficulties in social interactions in individuagith ASD. These deficits have been found to
predict difficulties in reciprocity and empathicogocial behaviors such as caring and listening
(Tager-Flusberg, 2001).

Bauminger and colleagues (2008) coded goal-dirdmddavior (i.e., cooperative
behaviors directly related to performance of ttektasharing behaviors (i.e., experiences or
emotions), prosocial behavior (i.e., comforting &ethavior), conversation (i.e., small talk and
negotiation), nonverbal interaction (i.e., combimge gaze and smile), affect (i.e., shared
laughter and positive affect), and play (i.e., pat@r coordinated play) in children with high
functioning ASD. They found that children with higimctioning ASD demonstrated fewer goal-
directed behaviors and less positive affect, andived lower ratings on conversational flow and

social conversation than the typical group (Baurain&olomon, Aviezer, Heung, Gazit, Brown,
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& Rogers, 2008). Therefore, there is sufficientdevice to suggest that individuals with ASD are
not as socially competent as typically developmdjviduals.
WM Deficits and Social Competence

Few studies have investigated the associationdetWwWM deficits and social
competence in individuals with ADHD or ASD. Howeyene recent study examining social
problems in children with ADHD found that the CEwmonent had a direct effect on social
problems (Kofler, Rapport, Bolden, Sarver, Rail&Alderson, 2011). Additionally, Kofler and
colleagues found that the PH and VS WM componeete wdirectly related to social problems
through hyperactivity/impulsivity and inattentiarespectively. Similarly, Huang-Pollock and
colleagues (2009) found that executive functioroaated for 40-50% of the variance in
memory for conversation in a chat room task indrleth with ADHD. Although this study did
not examine the effect of working memory specificah social competence, it suggests that
performance in a conversational setting may be atgabby executive functions such as working
memory. Furthermore, one study of college studerits ADHD investigated executive
dysfunction, including WM difficulties, and foundidence for impaired social functioning;
however, this study did not directly link executahgsfunction with the social problems noted
(Weyandt, DuPaul, Verdi, Rossi, Swentosky, VilardDell, & Carson, 2013).

Similar to literature in ADHD, there is a lackafsearch investigating how WM deficits
relate to social competence in individuals with A&{dwever, Reed (2002) suggested that
symptoms of autism, such as pragmatic languageifmpat, social interactions, and desire for
sameness, might be explained by a deficit in warknemory. That is, pragmatic language, such
as when to change topics or take turns in conversatepends on complex information and

transient cues, which would be difficult for indivals with working memory deficits to process
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efficiently. Furthermore, working memory deficitsindividuals with ASD would impact social
interactions, which require the integration of @yé&anumber of elements. Reed (2002) described
social stimuli as being transient and the behavigreople being more difficult to predict than
the actions of objects (e.g., blocks) for indivibuaith ASD. Despite the dearth of studies
examining the link between WM deficits and soc@ainpetence in individuals with ASD, it is
likely that similar results to those found in th®D literature in that WM deficits may
contribute more to lower social competence thahfthand in neurotypical peers.
Specific Aims

This project has two aims: (a) to identify whichngmonents of working memory are
deficient in individuals with varying levels of ACIisymptoms and ASD traits; and (b) to
explore how working memory deficits contribute ozl problems in individuals with varying
levels of ADHD symptoms and ASD traits.
Hypotheses
Hypothesis 1We anticipate that VS WM will be deficient in incuals with high levels of
ADHD symptoms and ASD traits.
Hypothesis 2We anticipate that PH WM and the CE componentvgldeficient in individuals
with high levels of ADHD symptoms.
Hypothesis 3We hypothesize that individuals with high ADHDnggtoms, high ASD traits, and
those high in both will display lower social comgmte than neurotypical controls.
Hypothesis 4We anticipate that WM abilities will moderate tiedationship between ADHD
symptoms and social competence. Specifically, wmthesize that individuals with high levels

of ADHD with better WM abilities will have bettepsial competence.
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Method

Participants

Individuals were recruited from the Virginia Techdergraduate student community.
Interested participants completed screening questioes via an online system (SONA) to
initially determine eligibility. Participants werecluded if they were 18 years or older and had a
full scale IQ > 80. A total of 1311 individuals @2nale; mean age = 20.12, SD = 1.69, range =
18-48) completed the screening questionnaires gitirase 1. Groups for Phase Il were
determined by clinical cut-off scores on the Aded#llf-Report Scale V1.1 Screener (ASRS;
Kessler, Adler, Gruber, Sarawate, Spencer, & VamBr2007) and on the Broad Autism
Phenotype Questionnaire (BAPQ; Hurley, Losh, ParReznick, & Piven, 2007). Participants
whose scores were above the clinical cutoff on Bo#hASRS ( 14 ASRS total score) and the
BAPQ ( 3.15 BAPQ total score) were placed in the high ADkigh ASD group. Participants
whose scores were below the clinical cutoff on bthASRS and the BAPQ were placed in the
low ADHD/low ASD group. Finally, participants whoseores were high on one screening
measure but not the other were placed in one obtther two groups. Four hundred forty-three
participants (196 males, 247 females) were rand@mbgen and emailed who met screening
criteria for one of the four groups (95 low ADHDAIASD, 116 low ADHD/high ASD, 111
high ADHD/low ASD, 121 high ADHD/high ASD). Altholg84 participants (32 males, 52
females) indicated interest in participating in hidab appointment, a total of 62 individuals (26
males; mean age = 20.32, SD = 1.35, range = 18padually participated in Phase Il of the
study. Reasons for not participating included: einresponsive to follow-up emails, unable to
schedule appointment (too busy, lack of availafiliand not interested in participating. One of

the 62 participants was excluded due to difficatbynprehending task instructions, which
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interfered with the participant’s ability to comtdehe CASS (see below) and one participant
was excluded due to video malfunction, resulting total of 60 participants. Therefore, four
groups were established: 15 low ADHD/low ASD, 1% ADHD/high ASD, 15 high
ADHD/low ASD, and 15 high ADHD/high ASD.

Phase | measures

Demographic Questionnaire.The demographic questionnaire (Appendix A) wasliuee
collect information about all participants' gendeye, race/ethnicity, declared or expected
academic major, class year, expected years to etimplof degree, and grade point average
(GPA). Participants also reported whether theygsfied with or have formally received any
psychological diagnoses by a mental health pradessiby endorsing a checklist of various
disorders (e. g., Anxiety Disorder, ADHD, ASD, Degsion, Learning Disorder).

Adult ADHD Self-Report Scale V1.1 Screener (ASRS; &ssler, Adler, Gruber,
Sarawate, Spencer, & Van Brunt, 2007)The ASRS (Appendix B) is a screening tool for adult
ADHD that was developed in conjunction with the Wdrealth Organization (WHO) and the
Workgroup on Adult ADHD. It is composed of six gtieas rated on a 5-point Likert scale from
0 (never) to 4 (always) that are consistent witiVDI¥' criteria and address the manifestations
of ADHD symptoms in adults. The ASRS takes lessa finee minutes to complete. The clinical
cutoff for the ASRS was determined by summing pgrdint’'s responses (range 0-24). As
suggested by Kessler et al. (20070, participantsselesponses totaled 14-24 were determined
to have symptoms consistent with adult ADHD. Tdusring approach was found to have
sensitivity of 64.9% and specificity of 94.0% (Kkes<et al., 2007). Although diagnosis of
ADHD is recommended to come from multiple repomsefviews, parents, spouses, etc.),

studies have suggested that ADHD symptoms candessed reliably based on the individual's
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account of his/her own behavior (see Murphy & Sblac2000). Reliability in the current study
was acceptable (Cronbach’'ss .77).

Autism Spectrum Quotient (AQ; Baron-Cohen et al.2001) The AQ (Appendix C) is
a 50-item self-report measure of characteristicA®D, originally designed to identify ASD
among adults with normal intelligence. The AQ isnguised of five domains: social skills,
attention switching, attention to detail, commutima and imagination. All items are rated on a
4-point Likert scale from 1 (definitely agree) tgdkfinitely disagree). Approximately half of the
items are worded to produce a “disagree” responddalf an “agree” response in a high-
scoring person with ASD. AQ items are typically ssmbin a binary manner, meaning that a
response is scored as a one if it is charactenstSD (i.e., poor social skill, poor attention-
switching, exceptional attention to detail, poomeounication skill, and poor imagination) and a
zero if it is not characteristic of ASD. Item scewre then summed for a total score ranging from
0 to 50. Higher scores are indicative of more A&iits. A clinical cut-off score of 32 has been
determined (Baron-Cohen et al., 2001). The AQH®eE utilized extensively with adults,
yielding reliability across time and culture (Whsgbht, Auyeung, Allison, & Baron-Cohen,
2010). It has good internal consistency and tetgst reliability with college students; however,
recent estimates of the internal consistency osthescales have been less than acceptable (e.qg.,
Austin, 2005; Hurst et al., 2007; Ingersoll et 2D]11). In terms of convergent validity, the AQ
has been found to be correlated in the predictexttion with a number of theoretically related
constructs, but to a somewhat lesser degree tieaBARQ (Ingersoll et al., 2011). In the current
study, internal consistency was acceptable (Crdribac= .77).

Broad Autism Phenotype Questionnaire (BAPQ; HurleyLosh, Parlier, Reznick, &

Piven, 2007) The BAPQ (Appendix D) is a 36-item self-repouegtionnaire designed to
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identify individuals with the Broad Autism Phenog/(BAP). The BAPQ is comprised of three
theoretically-based subscales thought to représgntomponents of the BAP including: Aloof,
Rigidity, and Pragmatic Language. Each item isd-ate a 6-point scale from 1 (very rarely) to 6
(very often). Several items are reverse scoréaniothe potential for response bias. Scoring is
determined by calculating an average of items. R@&yses determined an average total item
score of 3.15 as a clinical cut-point, with 81.88astivity and 78.1% specificity (Hurley et al.,
2007). The internal consistency for both the sulescand total measure is acceptable (Hurley et
al., 2007). Total scores for the BAPQ have beenddin be normally distributed in a college
sample, and the proposed three-factor structurééas replicated via exploratory factor
analyses (Ingersoll et al., 2011; Wainer et al1,230Convergent validity for the BAPQ has been
established with direct clinical assessment of Bai] the BAPQ has been found to correlate
significantly with other BAP measures. Reliabilitythe current study was excellent
(Cronbach’s =.91).

Liebowitz Social Anxiety Scale (LSAS; Liebowitz, @87). The LSAS (Appendix E) is a
self-report measure designed to assess anxietgddia social interactions and performance
situations. It consists of 24 items rated on alOk&rt scale according to the individual's
fear/anxiety and avoidance of each situation. Gutwdres of 60 are suggestive of social anxiety
disorder. The LSAS has good internal consisteniphéa= .96; Heimberg et al., 1999) and
convergent validity with other self-report measuvésocial anxiety. In the current study,
internal consistency was excellent (Cronbach’s.96). It was used as a descriptive measure for

Phase | respondents.
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Phase Il measures

Conners' Adult ADHD rating scale, self-report (CAARS: S; Conners, Erhardt, &
Sparrow, 1999).The CAARS has 30 items measuring the frequencysawdrity of inattentive
and hyperactive/impulsive dimensions of ADHD synmpsorated on a 4-point scale (0 = not at
all, never to 3 = very much, very frequently; sggpAndix F). Participant responses yielded five
subscales: Total Symptoms, Total DSM-IV ADHD Symp$) Inattention,
Hyperactivity/Impulsivity, and ADHD Index (i.e., &ures of ADHD in adults that are not
diagnostic criteria). The CAARS has demonstratestigeliability and validity (see Adler et al.,
2008; and Erhardt et al., 1999). The CAARS was uiséide current study as a descriptive
measure in order to validate the screening/groupfrgarticipants. It was also used as a
continuous predictor of social competence in th@@atory analyses. The reliability of the
ADHD Index of the CAARS in the current study wasegatable (Cronbach’s=.76).

Social Responsiveness Scale, second edition, Adédtrsion (SRS-2-A; Constantino
& Gruber, 2012). The SRS-2-A is a 65-item self-report measure obA8lated social
impairments, including social awareness, sociarmftion processing, reciprocal social
communication, social motivation, and restrictetiasts/repetitive behaviors (see Appendix G).
Originally validated for use with children (Constiao & Gruber, 2005), the second edition of
the SRS includes an adult self-report (SRS-2-AgcHjzally normed for individuals age 19 and
up. The SRS-2-A provided a total T-score and substacores about the degree of interference
in everyday life situations. The SRS-2-A has a drsaange of 59 or less (normal range), 60 to
65 (mild range), 66 to 75 (moderate range), andrifreater (severe range). The SRS-2-A was
used in the current study as a descriptive measweler to validate the screening/grouping of

the participants. Reliability in the current stuslgs excellent (Cronbach’s= .94).
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Wechsler Abbreviated Scale of Intelligence, Secortedition (WASI-2; Wechsler,
2011).The WASI-2 provided an estimate of verbal, perfantce, and full scale IQ. The WASI-2
was comprised of two subtests: Vocabulary and Bldekign (see Appendix H). It has
demonstrated good reliability with individuals adgetb 89 years and can be completed in 15
minutes or less. The WASI-2 was used in the custmdy to determine inclusion criteria (1Q >
80; see Table 1).

Visuospatial working memory computer task (VS task The visuospatial working
memory computer task (VS) is a modified versiothef task developed by Rapport and
colleagues (2008) and used by Alderson et al. (P@itB adults. A series of 2.5 cm dots (4, 5, 6,
or 7) were presented to participants sequentialy300 ms each, in one of nine 3.2-cm squares
arranged in three offset columns (see Figure 2§ @t was red, but the rest were black. The
participant was asked to remember the locatiorach®f the black dots, in order, and remember
the position of the red dot last. Participants oesied via a keypad resembling the columns on
the screen. A trial was comprised of four to sestamuli and each set-size block consisted of 12
trials (48 total trials). Participants were admieisd five practice trials prior to the experiménta
trials and were required to respond correctly t%8&% the practice trials to proceed. Participants
did not receive feedback about their performanaendypractice or experimental trials.

Phonological working memory task (PH task).The phonological working memory
task (PH) was similar to the Letter-Number Sequamnsubtest in the Wechsler series of
intelligence tests (Wechsler, 2011) and was a nemtlifersion of a measure developed by
Rapport and colleagues (2008) and also used byrgddeet al. (2013) with adults. Participants
heard a series of single digit numbers and onerleken from a prerecorded stimulus bank.

Participants were instructed to recall the numbérad from smallest to largest followed by the
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letter. The experimenter then recorded the resgoms@n answer sheet and reliability of the
recording of the response was later coded. Thegustudy obtained excellent reliability
between the original experimenter’s recording dredreliability coder’s recording of the
participants’ responses (set size 4 Cronbacl¥s98, set size 5 Cronbach’'s= .97, set size 6
Cronbach’s = .94, set size 7 Cronbach’s= .99). A trial was comprised of four to seven
stimuli and each set-size block consisted of I41{48 total trials). Participants were
administered five practice trials prior to the exipeental trials and were required to respond
correctly to 80% of the practice trials to proceldrticipants did not receive feedback about
their performance during practice or experimentald.

Contextual Assessment of Social Skills (CASS; Rattdurner-Brown, Rupp,
Meisbov, & Penn, 2011).The CASS was a brief observational measure dedigmassess
conversational skills of adolescents and adultk WiBD. This measure was unique from other
measures, as it attempted to assess participdnility #0 perceive nonverbal cues of their
conversation partner and adjust their behavioeattion to such responses. During this task,
participants were observed during two 3-minute s&mictured role-plays, during which they
interacted with two different confederates. Pgpaacits spoke only to confederates of the
opposite sex. The social context was manipulatechdgifying the confederate’s level of
interest in the conversation: during the first cersation the confederate demonstrated social
interest and engagement, and during the seconcecgation the confederate demonstrated
boredom and disengagement. Confederates weredrenmaodify their behavior to portray
either boredom or interest. Also, confederates weren specific instruction regarding their

participation in the conversation.
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All conversations were videotaped and particigardggbal and non-verbal behaviors for
each conversation were coded on nine dimensiongngdfuestions, Topic Changes, Vocal
Expressiveness, Gestures, Positive Affect, Kindsausal, Social Anxiety, Overall Involvement
in the Conversation, and Overall Quality of Rappdwo trained raters coded each set of
videotaped role-plays. The items Asking Questiord Bopic Changes were scored as
behavioral counts and the remaining items weralratea scale from 1 to 7 (1 = low, 7 = high).
In previous research, the items: Asking Questidopic Changes, Overall Involvement, and
Overall Quality of Rapport were examined as primautcomes (Ratto et al., 2011). Change
across these items was examined, comparing scoriée anterested versus bored context:
normal social adaptation in the bored context imgslan increase in Asking Questions, Topic
Changes, and Overall Involvement, and a decrea®eanall Quality of Rapport. A CASS total
change score was calculated by standardizing amdhéwg the scores on the previously
mentioned four items for both the interested anm@éth@ontexts (Overall Quality of Rapport was
reverse scored) and subtracting the interesteblsodae from the bored total score. Higher
scores were indicative of more normative adaptatemveen contexts.

In a pilot study of the CASS, across all itemsgiinal consistency was high (standardized

= .83) and inter-rater reliability was acceptaleC range of .50 to .70 = .68; Ratto et al.,
2011). Further, the measure was generally sensitiggaluating differences between typical
controls and individuals with ASD. In the curretudy, internal consistency was high
(Cronbach’s =.81) and inter-rater reliability across all itefior both conditions was acceptable
(ICC range of .40 to .98 = .65). Inter-rater reliability scores are presenh Table

5.
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Procedure

Participants learned about the survey phase dittigy either through the psychology
department's Sona system, an email using theiecéisp department's distribution list, or flyers
posted on campus. Then, participants signed uth&survey either through the psychology
department’'s Sona system or by entering their eaddiless into a separate Qualtrics survey,
where additional information about the study wasvjated. Participants who signed up were
contacted via email (either through the Sona systeusing the blind carbon copy (BCC) option
in order to protect participants' confidentialignd given the URL to complete the survey. When
they clicked the link provided, they were directedhe information sheet, and they entered their
email address at the bottom of the page (emaileadés were used to award Sona credit if
applicable, to enter students into the cash pa#eerif applicable, to document who had
completed the survey, to contact those selecteBliase Il in-lab participation, and to verify if
the participant completed the survey during theripres semester). After entering their email
addresses, participants were automatically diretctélde survey questions to complete. Students
provided their answers electronically via a sea@mer. Participants who did not complete the
survey were recontacted one week after they ihit@bvided their email to participate in the
study. They again received an email with the URtdmplete the survey. The entire survey
took approximately 20-30 minutes to complete. Befoeginning the online survey, the students
were informed of the chance that they may be coedlagbout participating in a second phase of
the study that involves a single in-lab sessiocampus. All survey participants were provided
with a list of local counseling resources at thd ehthe survey, with a statement encouraging
participants to contact one of the agencies if thewyld like to talk to someone about personal

problems or mental health services.



WM AND SOCIAL COMPETENCE 25

Participants who met screening criteria for onéheffour groups (low ADHD/low ASD,
low ADHD/high ASD, high ADHD/low ASD, high ADHD/hig ASD) were emailed an
invitation to participate in the in-lab phase (Rh#3} of the study. The group status was masked
to the study investigator to reduce any bias iarentting with participants. The study
investigator sent participant responses to anaenvestigator to determine group status and
send back participant IDs that met criteria for $#hH in a random order. Participants who
indicated interest in participating in Phase |l ati@nded the session, as noted above, completed
the following protocol. Upon arrival to the in-l@ppointment, the co-investigator explained the
procedures of the study to the participant andiobtdéormed written and verbal consent in one
of the rooms at the Child Study Center (CSC). Adisresources, such as the campus counseling
center and area mental health programs were aleadalo provided to all participants. The
participant received $10 if he or she was ineligital receive Sona extra credit.

All participants completed the CASS interactiorktéRatto et al., 2011) and the working
memory tasks (Rapport et al., 2008) in a countarizadd order. The two working memory tasks
were administered in a counterbalanced order dya together either before or after the
CASS. Procedures described by Ratto and colleg@0d4) were followed for the CASS.
Specifically, during the CASS, participants had tiwee-minute conversations with opposite-
sex confederates. All conversations were videotajeed computerized video recording system
for later coding. These digital recordings were mairked with any identifying information
(other than the participant's number), and theyevggored on an encrypted remote server.
Participants were seated in a room several feey _dwm a confederate. Prior to each

conversation, the examiner read the following protaghe participant and confederate:
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“Thank you both so much for coming in. Right naw’d like each of you to act as if
you had recently joined a new club or social graml now you're sitting next to each other,
waiting for the meeting to start. You will have 3nutes to talk to each other, and then | will
come back into the room” (Ratto et al., 2011).

The second interaction was identical to the finstyever, during the first interaction the
confederate conveyed interest (i.e., asked questedaborated on statements, waited 5 seconds
to reinitiate conversation), and during the secotelaction the confederate conveyed boredom
(i.e., minimized initiation, kept statements brhited 7 seconds to reinitiate conversation).
Following completion of the in-lab session, eadlheataped CASS was coded by two
independent trained raters.

Once the CASS and WM tasks were completed, aligiaaints were administered the
following measures in order: the WASI-2 (Wechsgf811), CAARS:S (Conners, Erhardt, &
Sparrow,1999), and SRS-2-A (Constantino & Grubet2).

At the end of the in-lab portion before the paptmt left, a short debriefing was
conducted such that participants were told that iheracted with a trained confederate during
the interaction task. Because of the need to maarthe risk of other potential participants
learning about the nature of the social interactask, the debriefing was not more extensive.
Participants were also asked to not discuss tleeaction task with others who might be
interested in participating in the study.

Data Analytic Plan
Preliminary analyses were conducted to examinerkimg memory deficits or social

competence differed as a function of participamtdge, age, or 1Q.
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To investigate group differences in WM deficikbypotheses 1 &)2 this study followed
the analytic plan of Rapport and colleagues (2@®08) Alderson and colleagues (2013) such that
the average stimuli correct at each set size (@, B) was calculated to provide a measure of
participants’ VS and PH task performance separaidign, separate VS and PH composite
scores were created to address questions concevengll VS and PH WM (i.e.,combined
contribution of CE and storage/rehearsal proceshkt#sjences among groups, and computed as
a mean of each participant’s scores across thend$#l set sizes.

Next, a regression approach described by Rappalt €008) was employed to create
three dependent variables that reflect the CE apdrate PH and VS storage/rehearsal
processes. The theoretical rationale of this promedias based on findings that provided
evidence of independent VS and PH subsystems aimgji@, domain-general CE (Alloway,
Gathercole, & Pickering, 2006; Baddeley, 2007; Basder & Schweitzer, 2006; Smith, Jonides,
& Koeppe, 1996). Shared variability between VS Biitlcomposite scores was expected to
reflect CE processes, while statistically remowhgred variability between VS and PH scores
was expected to reflect VS and PH storage/reheprsatsses, respectively (see Figure 1).
Consequently, a VS storage/rehearsal variable stasated using the following procedures.
Phonological scores were regressed onto VS scoezxh set size (4, 5, 6, 7) to covary common
variance associated with the domain-general CE fdilmreunstandardized residual scores that
result from this procedure were averaged to proaiteverall measure of VS storage/rehearsal
processes, independent of variance associatedhvatGE. Next, VS scores were regressed onto
PH scores at each set size and the resulting west#ined residual scores were averaged to
create a variable that reflected PH storage/rebkprscesses, independent of variance

associated with the CE. Finally, PH scores wereassgd onto VS scores at each set size to
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obtain unstandardized predicted scores that refliesthared variance between the variables. The
process was repeated by regressing VS scores bhsod?es at each set-size and the eight total
unstandardized predicted score were averaged atecaevariable that reflected CE processes,
independent of variability associated with PH or &t&age/rehearsal processes.

Additionally, one-tailed, independent samplesstdavere conducted on the dependent
variables representing VS storage/rehearsal, Pldgafrehearsal, and CE. To support the
hypotheses related to WM deficits, significant elifnces should emerge between the
neurotypical controls (i.e., low ADHD/low ASD) amadividuals with ADHD (i.e., high
ADHD/low ASD) on PH storage/rehearsal and EGfygothesis 2 such that the neurotypical
controls score higher than individuals with ADHOggesting PH WM deficits in individuals
with ADHD. Additionally, differences should be fodion VS storage/rehearsal between the
analogue clinical groups and the neurotypical adstfHypothesis }, suggesting that all the
analogue clinical groups show VS WM deficits in ggarison to neurotypical controls.

To investigate the contribution of WM deficitsgocial competence, hierarchical
multiple linear regressions were conductegigotheses 3 &} Specifically, dummy codes for
the groups being compared were entered into thediep, WM scores were entered into the
second step, and the interaction of group with Wlskaes was entered into the final step to
predict CASS change score. Separate regressiomsrurefor each WM component (i.e., PH,
VS, and CE).

Results
Power
Previous studies have investigated WM deficitsdalts with ADHD compared to

neurotypical controls and have found effect sizeging from 0.44 to 0.64 (Alderson et al.,
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2013; Boonstra et al., 2005). In this study, the RDHD/low ASD group was used as the
healthy control. The effect size for this study veapected to be closer to the average effect size
found in a previous meta-analytic review (Boonstral., 2005), so the effect size of 0.44 was
used in an a priori power analysis, where a sasipkeof 60 participants was determined to be
reasonable and feasible.

Post-hoc power analyses using G*Power softwarel ([Eadfelder, Lang, & Buchner,
2007) revealed that the study was sufficiently paddo detect effects when examining
differences between the groups. Specifically, githeneffect sizes for the comparisons on the t-
tests comparing WM performance on the two taskagpeanged from 0.71 to 0.89, within
range of what would be desirable (power = 0.80)difdnally, power ranged from 0.69 to 0.98
when comparing the groups on the three WM companget, VS storage/rehearsal, PH
storage/rehearsal, and CE). Power for the 2 (WMatityd- VS or PH) x 4 (group) mixed model
ANOVA was sufficient to detect the main effect WiM modality (power = 0.81), the main
effect of group (power = 0.88), and the interacti@tween group and modality (power = 0.77).
However, power for the regression analyses wastamging from 0.51 to 0.76.
Phase | Analyses

Descriptive analyses and correlations between mmessdministered at Phase | are
presented in Table 1 for participants with comptigea ( = 1101). All measures were
significantly correlated with each other in the eged directions.
Participant Characteristics

No significant differences emerged between the fpaups on age~(3, 56) = .82p =
.49), gender ¢ = .21,p = .98), or IQ E(3, 56) = .52p = .67). Sample race characteristics

consisted of 45 Caucasian (75%), five Asian/Patsl@nder (8%), four Biracial (7%), two
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African American (3%), two Latino/Hispanic or Chita(3%), one Multiracial (2%), and one
declined to report (2%). Participant characterssticerall and by group are reported in Table 2.
Correlations for the main variables of interesttfoe overall sample are presented in Table 3.
WM Deficits

The first set of analyses examined difference&/ii performance (i.e., PH and VS)
between each of the analogue clinical groups amddurotypical controls. As described above,
the composite score for each of the WM tasks waspabed using a mean of the participants’
average stimuli correct at each set size. A 2x4echimodel ANOVA revealed a significant main
effect for WM modality E(1, 56) = 38.71p < .001, %= .41) indicating that participants
performed worse on the VS task relative to the &K.tHowever, there was not a significant
main effect for groupR(3, 56) = .32p = .81, %= .02) or the interaction between group and
modality (3, 56) = 1.08p = .37, = .06). To explore whether WM deficits exist inyasf the
clinical groups, the regression procedure describéde method section above was conducted,
producing variables for CE, PH storage/rehearsal \éS storage/rehearsal. One-tailed,
independent samples t tests comparing each ohtlegue clinical groups with the healthy
control group indicated that the three clinicallagae groups were not significantly different on
their CE, PH storage/rehearsal, or VS storage/rehkscores from one another or from the
healthy control group. Means, standard deviationkedfect sizes are shown in Table 4.
Social Competence

Hierarchical linear regressions were completeadiress Hypotheses 3 and 4 regarding
the contribution of WM and group status to soc@hpetence in a social conversation task (i.e.,
CASS). Although the groups did not differ on th&dlM scores, the CE, PH storage/rehearsal,

and VS storage/rehearsal scores were includeddape@mdent predictors of social competence as
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well as moderators in separate regression analyees.egression to address Hypothesis 3
included group status coded such that the heatthral group was contrasted with the analogue
clinical groups (-3 = low ADHD/low ASD, 1 = low ADB/high ASD, 1 = high ADHD/low
ASD, 1 = high ADHD/high ASD). This contrast codesaentered as a predictor of CASS
change score in order to determine if the healtntrol group performed better than the
analogue clinical groups on social competence.r&belts from this regression showed that
neurotypical controls did not perform significantigtter than the analogue clinical groups on the
CASS §(1,59) = 3.21p = .078, R = .052). However, this trend was in the hypotheiz
direction, with the neurotypical controls performibetter on the CASS (z-score = .97) than the
analogue clinical groups (z-score = -.32). CASSexfor each group are presented in Table 5.

To address Hypothesis 4, the raw scores from BiR 3\ (range 0-24) were entered into
step 1 of the regression. Step 2 of the regressanded CE, PH storage/rehearsal, or VS
storage/rehearsal (separate regressions weremreadh component). Step 3 of the regression
included the interaction term of ASRS scores witfy H storage/rehearsal, or VS
storage/rehearsal. The dependent variable was @d¢hS change score (computation described
in the method section above).

For the regression with CE, the full model did patdict the CASS change score
(F(3,56) = 1.14p = .34) and did not account for significant variar{e® = .06). For the
regression with PH storage/rehearsal, the full halde did not predict the CASS change score
(F(3,56) = .81p = .49) and did not account for a significant pnajom of the variance (R=
.04). Similarly, the full model for the regressimith VS storage/rehearsal was not significant in
that it did not account for a significant proportiof the variance (R= .05) and did not predict

the CASS change scorg(8,56) = 1.07p = .37).
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Overall, results of the regression analyses sudlgasneurotypical controls did not
perform significantly better than the analogue oargroups, nor was working memory
performance a moderator of social competence fhivituals with high ADHD symptoms.
Exploratory Analyses

Although the original study was designed usingichl cut-offs from the ASRS and the
BAPQ to determine group membership, categoricalipters are often ill-advised when
continuous predictors are available (see Roystttma, & Sauerbrei, 2006; West, Aiken, &
Krull, 1996). Therefore, exploratory analyses wewaducted using continuous scores from the
CAARS ADHD Index and the SRS Total score to addHgsotheses 3 and 4.

The exploratory regression to address Hypothesisl@ded the CAARS ADHD Index
T-score, centered in Step 1. Step 2 of the regnesscluded the SRS Total T-score and Step 3
of the regression included the interaction terme @apendent variable was the CASS change
score, as above. The results from the full modehsd that the participants’ ADHD symptoms,
ASD traits, or the interaction did not predict perhance on the CAS$(3,56) = 0.89p = .45,

R? = .046). Power for this analysis was determinebet®.76.

To address Hypothesis 4, the CAARS ADHD Index ®rsavas entered into step 1 of
the regression. Step 2 of the regression includedREl storage/rehearsal, or VS
storage/rehearsal (separate regressions weremreadh component). Step 3 of the regression
included the interaction term of CAARS scores viith, PH storage/rehearsal, or VS
storage/rehearsal. The dependent variable was @d¢hS change score (computation described
in the method section above).

For the regression with CE, the full model did patdict the CASS change score

(F(3,56) = .63p = .60) and did not account for a great deal ofavare (R = .03). Power for this
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analysis was determined to be 0.78. For the reigresgth PH storage/rehearsal, the full model
also did not predict the CASS change scé(8,66) = 1.06p = .37) and did not account for a
significant proportion of the varianceq{R .05). Power for this analysis was determinebeto
0.72. Similarly, the full model for the regresswmith VS storage/rehearsal did not predict the
CASS change scoré&(3,56) = 1.29p = .29) and did not account for a significant pndjom of
the variance (R=.07). Power for this analysis was determinebe®.73.
Discussion

The current study was the first to investigatedbenection between working memory
and social competence in a sample of individuath warying levels of ADHD symptoms and
ASD traits. Specifically, this study investigatednking memory differences between
individuals with ADHD symptoms and ASD traits, ugia well-studied WM task (see Alderson
et al., 2013; Kofler et al., 2011; Rapport et 2008). Additionally, it was the first to
systematically examine individuals with varying éésof ADHD symptoms and ASD traits
compared to neurotypical controls in the same study

Although previous studies have found VS WM dedidit individuals with high levels of
ADHD symptoms (Murphy, Barkley, & Bush, 2001) amdlividuals with ASD traits (Williams,
Goldstein, Carpenter, & Minshew, 2005), resultsrfrine current study did not find WM deficits
in these individuals. In this study, WM deficits ialefined as significantly worse performance
on the working memory tasks compared to the neprody controls (low ADHD traits/low ASD
symptoms) similar to previous studies (Aldersonlgt2013; Kofler et al., 2011; Rapport et al.,
2008). In fact, our results might suggest that WiMitgzes are intact in college students with

ADHD symptoms and ASD traits, supporting previouslges that found intact WM abilities.
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For instance, Ozonoff and Strayer (2001) found k&t abilities in a sample of individuals with
autism were not significantly impaired comparedaoth a clinical control group and a non-
clinical control group. Additionally, few studiesiye examined WM abilities in adults with
ADHD, but WM deficits may not be present as induaés with ADHD grow older (e.g.,
Alderson, et al., 2013). Therefore, results from study suggest that WM abilities are intact in
individuals with varying levels of ADHD symptomsdASD traits, but the lack of support for
our hypotheses about WM deficits must be discussed.

Several factors may have contributed to this teEuist, this study investigated WM
deficits in a sample of college students with ADBYInptoms and ASD traits. It may be the case
that symptoms of these disorders were insuffidiemesult in performance differences when
individuals completed the WM tasks. That is, pregigtudies that found WM deficits (Alderson
et al., 2013; Minshew, Luna, & Sweeney, 1999) usadples consisting of clinical groups,
carefully diagnosed with evidence-based measuoespared to neurotypical controls.

Furthermore, the participants in this study werkege students, which may contribute to
potentially milder impairments than students wilihical diagnoses of ADHD or ASD.
Specifically, studies of emerging adults (i.e.|egé students) diagnosed with ADHD or ASD
have found differences in outcomes for studenth walihical diagnoses versus students without
such diagnoses (e.g., Shaw-Zirt, Popali-Lehanepliha Bergman, 2005; Shifrin, Proctor, &
Prevatt, 2010). That is, college students with ADtebd to have lower self-esteem and
academic achievement than those without and stsi@@tit ASD tend to be engaged in fewer
extracurricular activities, especially those invotysocial interactions (Shaw-Zirt, Popali-

Lehane, Chaplin, & Bergman; Shifrin, Proctor, & ¥a#t, 2010; Taylor & Seltzer, 2011).
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Therefore, the sample in this study may not hayee&nced the same level of impairment as
individuals meeting diagnostic criteria often do.

Additionally, individual differences in the WM ties may be masked by averaging group
means. Specifically, both ADHD and ASD are hetenegeis neurodevelopmental disorders
with various impairments and behavioral presentatiovhich may impact the results if
individual scores are grouped together. That sgaechers have found that not all individuals
with ADHD or ASD have WM deficits (see Geurts, SqyBooth, & Happe, 2014; Nigg,
Willcutt, Doyle, & Sonuga-Barke, 2005). Therefogepuping individual profiles for one
disorder may not adequately capture the WM deftbig$ individuals may have. Additionally,
the control group was not without symptoms of githBHD or ASD. Specifically, individuals
in the low ADHD/low ASD group did not meet the cfiteequired to be classified in any of the
clinical groups, but it is possible the presencADBHD symptoms and ASD traits in this
“control” group contributed to the lack of differegs between groups.

Another possible explanation for the lack of fimgk for working memory deficits is how
deficits were defined in the current study. Thatie defined deficits as performance of the
analogue clinical groups on the WM tasks as beagpgjfecantly worse than the neurotypical
controls, which has been done in past studies figagsig WM deficits (e.g., Alderson et al.,
2013; Kofler et al., 2011; Rapport et al., 2008)wever, this approach may not be sufficient to
claim that the groups are, in fact, deficient iaithWM abilities. That is, most measures such as
the WASI that identify individuals with deficits a been standardized on the general
population, so researchers can be more confidghtinability to detect deficits if they are
present. This study and others investigating warkiremory deficits often compare clinical

groups to neurotypical controls within the same @amather than comparing to a standardized
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norm. Therefore, claiming that individuals are atifudeficient in their WM abilities should be
interpreted cautiously, until researchers are tthtarefully examine psychometric properties of
WM measures and determine typical performancedoious developmental levels and
symptom presentations.

Our hypothesis about the clinical control grougfiening better than the analogue
clinical groups on social competence (Hypothesw&) also not supported, although the results
of the regression suggested the relationship wéseimight direction. It is possible that the lack
of support for this hypothesis was due to the céihcontrol group also having symptoms of
ADHD and ASD. That is, the clinical control grouayhave performed better on social
competence than the analogue clinical groups,Hauptesence of ADHD symptoms and ASD
traits likely masked the differences.

Finally, the hypothesis regarding the relationdfepveen WM and social competence
(Hypothesis 4) was not supported. While some rebeas have suggested that WM may
contribute to social difficulties (e.g., Huang-Rak et al., 2009; Kofler et al., 2011), it was not
found in this study to predict social performantaiconversation task. One possible explanation
is that the CASS was designed for individuals wA8D, to capture the difficulties these
individuals may display when interacting with a petthe opposite sex (Ratto et al., 2011).
Indeed, some have suggested that the social gidits that individuals with ASD and
individuals with ADHD display are different. For @xple, individuals with ASD tend to have
difficulty maintaining reciprocity in conversatioasid have difficulty taking another person’s
perspective in a social interaction (Bellini et 2007; Pennington & Ozonoff, 1996; Tager-
Flusberg, 2001). However, individuals with ADHD miagve difficulty focusing on their social

partner’s behaviors to respond appropriately oe takns in social interactions (Landau &
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Milich, 1988; Friedman et al., 2003). Thereforer ohoice for a social conversation task may
not have been sensitive to the difficulties botbugps of individuals display in social
interactions.
Limitations and Future Directions

Several limitations to this study must be notadstFthe sample was comprised of
college students, the majority of whom were Cawegsihich may not allow for generalizability
to the community. Replicating this study using ggrants from the community would allow for
a better understanding of difficulties young adulih symptoms of ADHD and ASD
experience. Second, clinical groups were not clyafientified using evidence-based diagnostic
interviews; rather, the groups were identified llase self-report from evidence-based screening
guestionnaires. Future research in this area shocildde a more thorough assessment of ADHD
symptoms and ASD traits inasmuch as clinical fest@nd symptoms of ADHD and ASD may
not be sufficiently impairing for differences on aseires of WM or social competence to be
found unless those symptoms reach diagnostic tbieksRelatedly, using the BAPQ as a
measure of ASD traits may be inappropriate as & m@ intended to measure the defining
characteristics of autism (Piven & Sasson, 201HAatTs, the constructs measured in the BAPQ
differ qualitatively and in the level of severityan characteristic of individuals with ASD (Piven
& Sasson, 2014). Indeed, when examining the sdavesthe Autism Spectrum Quotient (AQ)
collected in this study, the individuals with “higtSD traits” as measured by the BAPQ did not
exhibit elevated scores on the AQ, suggestingtthatsample is not similar to individuals with
ASD. Rather, these individuals are better charerdras having characteristics of the broader

autism phenotype. Further examination of theséstrainecessary.
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Additionally, information on medication status wast collected in this study, but it would be
useful to control for medication status in analyskthe working memory tasks. Third, most
measures used in this study were self-report, wimai have introduced bias in the way the
groups were determined as well as potential ovetnder-reporting of symptoms. Although this
study used measures of WM and social competentevdra administered by computer or
coded by an independent rater, respectively, fugtudies should incorporate multiple reporters
in order to better identify behaviors or symptoimat tare present.

Future research in this area should investigates timroughly whether the components
of Baddeley’'s WM model are sufficient for the stumfyWM in heterogeneous disorders such as
ADHD and ASD. Using WM models that account for whistdicits occur and what they look
like may be more clinically useful than Baddeleyisdel, which may simplify the complexities
of WM. Specifically, Unsworth and Engle (2007) sagted that WM deficits result from a
failure in the ability to actively maintain inforrmian in primary memory or from a failure in the
ability to retrieve goal-relevant information frasecondary memory. Although Unsworth and
Engle’s dual-component theory of WM does not speadify account for the different modalities
(i.e., phonological and visual-spatial) like Badxes model, it may be more clinically useful in
identifying WM difficulties. That is, WM involvedhe simultaneous storage and rehearsal of
goal-relevant information, but dividing the infortizan into specific modalities may not best
capture the complexity of the skills required. Adzhally, the capacity theory suggests that
deficits occur when demands of the task exceedrthies of WM capacity, where there is a
limited set 