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ARTICLE INFO ABSTRACT

Keywords: The current study parsed out the distinct components of attention-deficit/hyperactivity disorder
Attention-deficit/hyperactivity disorder (ADHD) symptomatology to examine differential relations with language and social ability. Using
language

a research domain criteria (RDoC) framework, we administered standardized tests and previously
developed and validated questionnaires to assess levels of inattention and/or hyperactivity/
impulsivity symptomatology, language, social responsivity and social competency in 98 young
adults. Those with higher inattention and/or hyperactivity/impulsivity symptomatology had
reduced language comprehension, social responsivity, and social competency. Inattention and
hyperactivity/impulsivity both predicted language comprehension, but not language production.
Interestingly, inattention uniquely contributed to social responsiveness and social competency,
but hyperactivity/impulsivity did not. Findings suggest that inattention and/or hyperactivity/
impulsivity symptoms, inattention in particular, may be especially important for social skills
programs geared towards individuals with attention limitations.

social communication
social responsivity
social competency

1. Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neurobehavioral disorder characterized by inappropriate degrees of inat-
tention and/or hyperactivity/impulsivity that significantly impact daily functioning (Association, 2013). Although language im-
pairments are not core characteristics of ADHD, frequent co-occurrence of these difficulties has been well-documented in the ADHD
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literature (Geurts & Embrechts, 2008; Gremillion & Martel, 2014; Korrel, Mueller, Silk, Anderson, & Sciberras, 2017; Mueller &
Tomblin, 2012; Purvis & Tannock, 1997; Redmond, Ash, & Hogan, 2015; Redmond, 2016). Estimates have suggested that upwards of
40-60% of children with ADHD present with comorbid language impairments (Bruce, Thernlund, & Nettelbladt, 2006; Cohen, Davine,
Horodezky, Lipsett, & Isaacson, 1993; Hagberg, Miniscalco, & Gillberg, 2010; Oram, Fine, Okamoto, & Tannock, 1999; Sciberras et al.,
2014).

Individuals with ADHD with comorbid language impairment have been described as experiencing a variety of language and
communication difficulties. Such difficulties can include impairments in acquisition and functional use of expressive, receptive, and
pragmatic language relative to typically developing peers (Geurts & Embrechts, 2008; Green, Johnson, & Bretherton, 2014; Korrel
etal., 2017; Purvis & Tannock, 1997; Staikova, Gomes, Tartter, McCabe, & Halperin, 2013). Difficulties related to pragmatic language
are commonly reported (Staikova et al., 2013), and can include excessive talking, failure to understand verbal and non-verbal cues,
poor turn-taking during conversation, difficulty maintaining appropriate physical proximity, and poorly organized expressive lan-
guage (Green et al., 2014). It is possible that, even in the absence of a co-occurring developmental language disorder (DLD), core
behavioral symptoms of ADHD such as distractibility and/or impulsivity may lead to important linguistic information or social cues
being missed, misinterpreted, or forgotten, resulting in reduced learning of elements that could enhance language and social func-
tioning (Oram et al., 1999).

Language and social difficulties in individuals with increased levels of inattention and/or hyperactivity/impulsivity are present
early in life, with studies showing that increased ADHD characteristics in children as young at four years old are linked with language
difficulties (Geurts & Embrechts, 2008). In particular, language difficulties related to pragmatic and structural language difficulties
have been associated with the severity of symptoms in inattention and/or hyperactivity/impulsivity (Hawkins, Gathercole, Astle,
Holmes, & Team, 2016) and can include excessive talking, difficulties maintaining appropriate conversational rapport, and failure to
respond to verbal cues. Deficits related to components of structural language including syntax and phonology have also been docu-
mented in individuals as young as three and as old as 18 years of age (Green et al., 2014). Impairments related to broader social skills
have been reported as early as the preschool years by parents, teachers, and peers (DuPaul, McGoey, Eckert, & VanBrakle, 2001). Such
social challenges can lead to increased peer rejection (Redmond, 2011) and academic failure early on in life (Barkley, 1997; Wilens &
Spencer, 2010), and extend into adulthood to impact vocational outcomes (Friedman et al., 2003; Russell, Jarrold, & Hood, 1999). In
turn, peer rejection and academic failure may lead to an increased avoidance of social interactions, and without this engagement,
pre-existing social and language difficulties are likely to worsen (Redmond, 2011).

One possible explanation for poor language and communication skills is that difficulties related to attention and hyperactivity/
impulsivity may disrupt the ability to learn successful language and social skills, at least through formal methods of teaching. Previous
work has demonstrated that inattention and hyperactivity/impulsivity symptoms can produce different patterns of behavior (Barkley,
DuPaul, & McMurray, 1990; Martel, Von Eye, & Nigg, 2010; Toplak et al., 2009) and therefore have the potential to differentially
impact language and social outcomes. For instance, several studies have demonstrated that individuals with ADHD tend to have
reduced expressive, but not receptive language abilities (Barkley et al., 1990; Kim & Kaiser, 2000; Munir, Biederman, & Knee, 1987).
Other researchers have reported that individuals with attention deficits show reduced receptive and expressive language abilities
(Baker & Cantwell, 1992) while those with increased impulsivity show greater deficits related to structural language (Geurts &
Embrechts, 2008). Further, individuals with increased inattention display deficits related to social knowledge (Wheeler Maedgen &
Carlson, 2000), social passivity, low acceptance by peers, and increased aggression (Bellanti & Bierman, 2000) while those with
combined inattention and hyperactivity/impulsivity display higher levels of aggressive behavior, high levels of both positive and
negative behavior, and emotional dysregulation (Wheeler Maedgen & Carlson, 2000). It is not surprising that inattention and/or
hyperactivity/impulsivity is associated with poor language and social skills given that successful communication depends on the
ability to maintain attention, focus on others, and follow the rules of nonverbal interaction, areas which represent core challenges in
ADHD (Bruce et al., 2006). It is therefore of interest to examine the associations between language, social abilities, and inattention and
hyperactivity/impulsivity in order to better understand the language and social profiles of these individuals.

Clinical definitions of ADHD may fall short in capturing some of the less pronounced, milder symptoms associated with the disorder
(Cuthbert, 2014; Insel et al., 2010). It is important to move beyond evaluating skills and behaviors as either impaired or unimpaired
when assessing mental disorders (Cuthbert, 2014; Insel et al., 2010). That is, an individual may demonstrate milder symptoms
associated with a disorder where such symptoms do not reach clinical significance. However, these behaviors may have a direct and
negative impact on their social, occupational, and academic success. In order to improve upon diagnostic precision, it is important to
first understand how specific behaviors associated with a disorder relate to other behaviors that can be observed in the general
population. The National Institute of Mental Health (NIMH) has initiated the RDoC framework as one way to accomplish this goal
(NIMH, 2008). Rather than using traditional diagnostic categories, the framework encourages researchers to consider other units of
analysis that can cut across disorders as the starting point for grouping individuals with mental disorders (Cuthbert & Insel, 2013; Insel
et al., 2010). For example, researchers can combine behavioural paradigms, self-reports, and physiological measures such as elec-
troencephalography and functional magnetic resonance imaging to investigate patterns of dysfunction independent of traditional
diagnoses. The framework is not intended to act as a diagnostic guide or replace current diagnostic systems. Rather, the approach
encourages researchers to investigate different disorders in terms of varying degrees of dysfunction. The framework contains five
constructs that can be assessed including cognition, negative and positive valence systems, social process systems, and arousal/mo-
dulatory systems, each of which can be subjected to multiple levels of analysis that include genes, cells, physiology, neural circuits, and
behavior. The RDoC approach can therefore be used to examine the entire spectrum of symptoms, from clearly disordered to sub-
clinical to within the normal range.

Previous work has demonstrated that subclinical levels of inattention and hyperactivity/impulsivity are present in the general
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population (Das, Cherbuin, Butterworth, Anstey, & Easteal, 2012) and that inattention and/or hyperactivity/impulsivity symptoms are
rather common, with 60% of individuals displaying at least one symptom of hyperactivity or inattention (Arcos-Burgos & Acosta,
2007). Further, research has shown that there is large variability in ADHD prevalence rates (Polanczyk, De Lima, Horta, Biederman, &
Rohde, 2007). For example, within a single geographic location, prevalence rates of ADHD varied from 3.7% to 8.9% depending on the
specific methodological criteria used such as the presence or absence of impairment (Polanczyk et al., 2007). The RDoC framework can
inform future classifications by integrating various levels of information including genes, molecules, cells, circuits, physiology,
behavior, and self-reports, rather than descriptive phenomenology and categorical definitions alone. Indeed, application of the RDoC
framework has provided information to support previously developed new subgroups based on their attention characteristics that do
not align with original diagnostic classifications (Kleinman et al., 2015). In this study, children with diagnosed ADHD, bipolar disorder
(BD), and ADHD + BD were clustered based on their patterns of attention, independent of original diagnoses. Researchers found that
patterns of attention were best described through two new subgroups, each of which contained a combination of ADHD, BD, and ADHD
+ BD children. This framework therefore has the potential to advance us towards our long-term objective of developing novel ap-
proaches to intervention for those experiencing varying levels of a disorder. In the current study, we followed the RDoC approach by
examining the dimensions of inattention and hyperactivity/impulsivity in a sample of young adults who were not required to have a
formal ADHD diagnosis.

Through this approach, we aimed to better understand the relations between inattention and/or hyperactivity/impulsivity, and
social and language abilities. First, we hypothesized that inattention and/or hyperactivity/impulsivity would be associated with lower
language and social abilities. Second, given that inattention and hyperactivity/impulsivity are characterized as distinct behavioral
symptoms in ADHD (Barkley et al., 1990; Martel et al., 2010; Toplak et al., 2009) and have been shown to differentially impact
language (Baker & Cantwell, 1992; Geurts & Embrechts, 2008) and social functioning (Wheeler Maedgen & Carlson, 2000), we
predicted that levels of hyperactivity/impulsivity and inattention would have qualitatively different effects on language and social
functioning. No specific predictions regarding the nature of these contributions were made as research in this area has reported mixed
findings. In the current study, we tested these two hypotheses by administering a psychometrically sound measure of language
comprehension and production with the prediction that higher inattention and/or hyperactivity/impulsivity would relate to lower
language skills. Further, we assessed whether higher inattention and/or hyperactivity/impulsivity was related to social skill by
administering two previously developed and validated measures of social responsiveness and social competence. We examined the
inattention and hyperactivity/impulsivity components of an ADHD scale to determine whether either or both of these uniquely
contribute to language and social functioning.

2. Method
2.1. Participants

An initial sample of 104 young adults were recruited for the current study. Six participants were excluded from further analysis, five
for being over the maximum age for which the standardized language measure intended, and one for failure to complete the protocol.
Only participants who were English speakers and had self-reported normal or corrected-to-normal vision and normal hearing were
included in the analysis. Participants were recruited from the undergraduate psychology pool at the University of Western Ontario as
part of a larger study on developmental disabilities and statistical learning (Parks & Stevenson, 2018). In the current study, we fol-
lowed an RDoC approach and therefore, participants were not required to have a formal ADHD diagnosis. This resulted in a final
sample of 98 participants, four of which had reported a diagnosis of ADHD. Ages ranged from 16 to 21 years (Mean age = 18.19 + .74
years), and 63 (64.3%) participants were female.

2.2. Procedures

Participants completed a battery of tests, including a standardized clinical measure of receptive and expressive language, and self-
report questionnaires examining social responsiveness, social competency, and inattention and/or hyperactivity/impulsivity symp-
tomatology. These tasks took approximately one hour to complete, and all protocols were approved by the University of Western
Ontario Research Ethics Board.

2.2.1. Standardized language assessment

Receptive and expressive language abilities were measured by administering six subtests from the Clinical Evaluation of Language
Fundamentals, Fifth Edition (CELF-5; Wiig, Semel, Secord, & Pearson Education, 2013): Word Classes, Understanding Spoken Para-
graphs, Semantic Relationships, Formulated Sentences, Recalling Sentences, and Sentence Assembly. Receptive and expressive lan-
guage standard scores were used as metrics of receptive and expressive language ability, respectively, in analyses.

2.2.2. Standardized measure of inattention and/or hyperactivity/impulsivity

The Adult ADHD Self-Report Scale (ASRS-v1.1l; Kessler et al., 2005) was used to measure inattention and/or hyper-
activity/impulsivity symptoms. The ASRS was chosen for the current study because is a reliable screening measure that has been
shown to be successful in screening for ADHD characteristics in the general population (Kessler et al., 2005, 2007) and is therefore
well-suited for the RDoC approach used in the current study. On this 18-item measure, participants respond on a five-point Likert scale
(never, rarely, sometimes, often, or very often) to reflect the frequency with which they experience challenges with attention and/or
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hyperactivity/impulsivity. Each question is followed by 5 response options to capture symptom severity (i.e., never, rarely, sometimes,
often, and very often) where responses of ‘rarely’ or ‘never’ were scored as "0’ while responses of *sometimes’, 'often’, and ’very often’
were scored as '1”".

Inattention and/or hyperactivity/impulsivity symptomatology was quantified by scoring responses for each of the 18 items of the
ASRS as “0” or “1” in accordance with Kessler et al. (2005) to derive a total score (sum of scores across all 18 items), as well as scores for
inattention (sum of items tapping inattention) and hyperactivity/impulsivity (sum of scores tapping hyperactivity/impulsivity).
Inattention is measured by nine questions on the ASRS, for example, “How often do you have trouble wrapping up the fine details of a
project, once the challenging parts have been done?” Hyperactivity/impulsivity is measured by an additional nine items on the ASRS, for
example, “How often do you feel overly active and compelled to do things, like you were driven by a motor?”

Measures of social skill. Social skill was measured via the Social Responsiveness Scale (SRS; Constantino et al., 2003) and the
Multidimensional Social Competence Scale (MSCS; Yager & larocci, 2013). The SRS is a 65-item measure that evaluates a range of
social difficulties and serves as an index for severity of social deficits. Participants are instructed to respond using a four-point Likert
scale (not true; sometimes true; often true; almost always true) to statements indexing social awareness, social communication, and
social cognition. Scores can range from 0 to 195 with those that are higher representing greater social impairment. Example items on
this scale include “I behave in ways that seem strange or bizzare to others” and “I am awkward in turn-taking interactions with others”. The
MSCS is a 77-item measure that evaluates an individuals ability to adequately respond and adjust to social demands with a specific
focus on the relational aspects of social interactions between individuals. The measure is useful in comparing patterns of social
competence across both clinical and non-clinical populations. Participants are instructed to respond using a five-point Likert scale (not
true/almost never true; rarely true; sometimes true; often true; very true/almost always true) to statements on social motivation,
inferencing, knowledge, empathy, verbal and non-verbal skills, and emotion regulation. Scores can range from 0 to 385 with higher
scores indicating greater agreement and greater social competence. Example items include “I am sensitive to the feelings and concerns of
others” and “I misread social cues”.

Responses on the SRS and MSCS were calculated in accordance with the manuals for each measure. The SRS includes two indices of
social communication: Social Communication and Interaction (SCI) and Restricted and Repetitive Behavior (RRB). Scores on the RRB
subscale of the SRS were subtracted from total t-scores in the current study, as outlined by the manual, to ensure that the measure was
not tapping into other clinical symptomatology. Thus, SCI and not RRB scores were considered in our analysis. Participants’ social
responsiveness score was now reflective of their social communication index score, measuring only Social Communication and
Interaction. For both measures, total scores were used in subsequent analyses.

2.3. Analysis

All variables used in analyses were found to be normally distributed and therefore, bivariate correlations were used to examine
relationships between total ADHD, language, and social skills with a Benjamini-Hochberg false discovery rate procedure (Q =.1) used
to correct for multiple comparisons. Linear regressions were carried out to examine whether the distinct components of ADHD,
inattention and hyperactivity/impulsivity, uniquely predicted language and social abilities. For all regression analyses, inattention and
hyperactivity/impulsivity sub scores were included as predictors.

3. Results
3.1. Adult ADHD Self-Report Scale

Scores on the ASRS spanned nearly the entire scale of inattention and/or hyperactivity/impulsivity symptomatology (with a range
of 0-17 out of a possible 18 points on the ASRS). Previous standardization of the ASRS identified the cut point as between 10 and 11 as
optimal in predicting clinical-level symptoms with a classification accuracy of 96.2% (specificity = 98.3%, sensitivity 56.3%) (Kessler
etal., 2007). The current sample included 16 participants (16.33%) scoring at levels considered at-risk for ADHD, with those reporting
an ADHD diagnosis having total inattention and/or hyperactivity scores ranging from 5 to 15. One participant who reported an ADHD
diagnosis scored within the normal range, while the rest had total scores above the cut point for clinical symptomatology. Please see
Table 1 for descriptive statistics for all variables of interest.

Table 1
Descriptive Statistics and Ranges for Variables of Interest.
Mean S.D Range
1. Total ADHD 6.51 4.02 0-17
2. Inattention 3.86 2.47 0-9
3. Hyperactivity/Impulsivity 2.65 2.13 0-9
4. Receptive Language 98.72 10.32 75-120
5. Expressive Language 101.50 8.36 78-120
6. Social Responsiveness 60.11 10.09 40-91
7. Social Competency 292.07 30.46 194-360

Note. S.D indicates standard deviation.
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3.2. Relating Total ADHD, Language, and Social Abilities

Total inattention and/or hyperactivity/impulsivity was significantly related to receptive language abilities (r (97) = -.30, Clgsy, =
-.47 to -.11, p = .003) indicating that higher inattention and/or hyperactivity/impulsivity was associated with lower receptive lan-
guage abilities (Fig. 1). Expressive language, on the other hand, was not significantly related to total inattention and/or hyperactivity/
impulsivity (r (97) = -.13, p = .202, Clgsy, = -.32 to .07). Further, total SRS and MSCS scores were significantly related to total inat-
tention and/or hyperactivity/impulsivity symptomatology (r 97y = .51, p < .001, Clgse, = .35 to .64 and r (97) = -.42, p < .001, Clgsy, =
-.57 to -.24, respectively) indicating that higher inattention and/or hyperactivity/impulsivity symptomatology was associated with
greater impairments in social responsivity and lower social competency (Fig. 2).

3.3. Regression Analyses

To determine whether inattention and hyperactivity/impulsivity uniquely contributed to receptive language abilities, a multiple
regression was performed. The overall model was found to be significant, F (3 95) = 4.58, p = .013, R? = .09, f> = .10. However, neither
inattention (f = -.83, t (95) = -1.73, Clgsy, = -1.78 to .13, p = .088, sr? = 0.029; r 97) = -.27, p = .007, Clgse, = -.44 to -.08) nor hy-
peractivity/impulsivity ( = -.68, t (o5) = -1.21, Clgse, = -1.79 t0 .43, p = .228, sr* = 0.014; r 97y = -.24, p = .016, Closy, = -.42 to -.04)
reached statistical significance in this model (Fig. 3). A second multiple regression was performed to determine whether inattention
and hyperactivity/impulsivity uniquely contributed to expressive language abilities. The overall model was not significant, F (3 95) =
1.42,p = .246, R? = .03, f2 = .03. Likewise, neither inattention (§ = -.64, t (95) = -1.60, Closy, = -1.44 t0 .15, p = .112, sr? = 0.026; (97,
=-.17, p =.103, Clgsy, = -.36 to .03) nor hyperactivity/impulsivity (§ = .19, t (g5) = .40, Clgse, =-.74 to 1.11, p = .693, PP = 0.002; r
(97) = -.05, p = .606, Clgsy, = -.25 to .15) were found to be statistically significant in this model.

To assess whether inattention and hyperactivity/impulsivity uniquely contributed to social responsiveness, an additional multiple
regression was performed, and the overall model was found to be significant, F (2,95) = 17.17, p < .001, R? = .27, £ =.37. Further,
inattention (f = 1.67, t (95) = 3.96, Clgs, = .83 to 2.51, p <.001, s = 0.121; r (97) = .50, p < .001, Clgsy, = .34 to .64) but not hy-
peractivity/impulsivity (§ =.787, t (95) = 1.61, Clgse, = -.19t0 1.76,p = .112, P = 0.020; r (97y = .38, p < .001, Clgs9, = .20 to .54) was
found to be statistically significant in this model (Fig. 4). A final multiple regression was performed to determine whether inattention
and hyperactivity/impulsivity uniquely contributed to individual differences in social competency, and the overall model was sig-
nificant, F (3 95y = 10.80, p = <.001, R?= .19, 2 = .23. A similar pattern emerged where inattention (p = -4.14, t (95y = -3.09, Clgso, =
-6.80 to -1.48, p = .003, 5% =0.082; 7 (97) = --41, p <.001, Clgse, = -.56 to -.23), but not hyperactivity/impulsivity (§ = -2.09, t (95) =
-1.34, Clgsy, =-5.18 t0 1.01,p = .184, sr2=0.015;r (97) =-.32,p = <.01, Clgsg, = -.49 to -.13) was found to be statistically significant in
this model. Please see Table 2 for bivariate correlations between ADHD symptoms, language, and social Skills

4. Discussion

The current study examined how overall inattention and/or hyperactivity/impulsivity symptomatology as well as inattention and
hyperactivity/impulsivity uniquely relate to individual differences in language and social difficulties. Our data support the hypothesis
that those with higher subclinical levels of inattention and/or hyperactivity/impulsivity tend to have lower receptive language and
social abilities. Both inattention and hyperactivity/impulsivity were related to lower language comprehension. However, only inat-
tention uniquely contributed to social responsiveness and competency abilities in our sample. These results have the potential to
inform future studies that wish to examine the broad constructs of inattention and/or hyperactivity/impulsivity and how these relate
to language and social functioning in different populations. Such studies could inform interventions targeting ADHD symptomatology
which may have the potential to translate to effects on those with clinical levels of ADHD as well as higher-level language and social
skills, and vice versa.

Surprisingly, we did not find support for a relationship between inattention and/or hyperactivity/impulsivity symptomatology and
expressive language abilities, despite various studies finding a link between the two (Cardy, Tannock, Johnson, & Johnson, 2010; Gut,
Heckmann, Meyer, Schmid, & Grob, 2012; Hutchinson, Bavin, Efron, & Sciberras, 2012; Jonsdottir, Bouma, Sergeant, & Scherder,
2005; Martinussen & Tannock, 2006; McInnes, Humphries, Hogg-Johnson, & Tannock, 2003) with a number using the same language
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Table 2
Bivariate correlations between ADHD Symptoms, Language, and Social Skills (N = 98).
1 2 3 4 5 6 7
1. Total ADHD - - - - - - -
2. Inattention .89%* - - - - - _
3. Hyperactivity/Impulsivity .85%* 52%* - - - _ _
4. Receptive Language -.30%* -27%* -.24* - - - —
5. Expressive Language -13 -17 -.05 51 _ _ _
6. Social Responsiveness 51%* 50%* .38%* -17 -.07 - -
7. Social Competency - 42%* - 41%* -.32%* .22% 21%* -.80%* -

Note. *p < .05; **p < .01.

measure that was used in the current study (Gut et al., 2012; Martinussen & Tannock, 2006; McInnes et al., 2003). However, most
studies finding a link between expressive language and ADHD have used child participants with a formal diagnosis of ADHD. Thus, it
could be that difficulties related to expressive language are more salient in younger groups with a clinical diagnosis. Our participants
are quite different from those of comparative studies that have linked expressive language and inattention and/or hyper-
activity/impulsivity symptomatology in clinical samples, and it should therefore be noted that comparable findings may have emerged
if we included those with a clinical diagnosis of ADHD. Studies have found that individuals with ADHD tend to have difficulties in areas
related to expressive language but not receptive language (Barkley et al., 1990; Munir et al., 1987) while others have shown that both
areas of language are impaired (Baker & Cantwell, 1992). It is difficult to compare or generalize such findings to those of the current
study due to age and methodological differences. Prior work has noted that linguistic tasks used to measure receptive and expressive
language tend to differ across studies and few studies examining language outcomes in ADHD have included comparisons groups (Kim
& Kaiser, 2000). Thus, the differential associations found between inattention and/or hyperactivity/impulsivity and receptive and
expressive language in the current study could be, in part due to these distinct methodological differences.

Our findings support the hypothesis that language comprehension and social functioning are associated with inattention and/or
hyperactivity/impulsivity symptomatology (e.g. Geurts & Embrechts, 2008; Green et al., 2014; Korrel et al., 2017; Purvis & Tannock,
1997; Staikova et al., 2013), using an RDoC approach. Research suggests that individuals with high levels of inattention and hyper-
activity/impulsivity are less able to establish and maintain conversational rapport (Bishop & Baird, 2001) and are more likely to take
shortcuts to achieve a communicative goal (Leonard, Milich, & Lorch, 2011) — tendencies which have clear potential to impact social
success.

One novel finding of the current study was that inattention uniquely and significantly contributed to social responsiveness and
social competency, but hyperactivity/impulsivity did not. Previous research has shown that these two characteristics of ADHD are
qualitatively different from one another and can produce different patterns of behavior (Barkley et al., 1990; Martel et al., 2010;
Toplak et al., 2009) - those with solely a tendency towards inattention are described as more confused, lost in thought, and apathetic
than those with both inattention and hyperactivity/impulsivity. Additional research has found that inattention in ADHD contributes to
both social behavior and peer relationships, with higher degrees of inattention being predictive of deficits in social skills, elevated
levels of aggression and disruptive behavior, and high ratings of dislike by peers (Bellanti & Bierman, 2000). Given that attention is an
important component of social functioning, it is perhaps no surprise that skills related to social responsiveness and social competency,
including social motivation and verbal conversation skills, are negatively impacted by reduced levels of attention. That is, in order to
learn the rules or conventions governing language and social interactions, individuals must first properly allocate their attentional
resources by focusing on important details and overlooking irrelevant ones. An inability to actively maintain focus in the environment
may lead to important information concerning language and social functioning being either neglected or misinterpreted.

Importantly, we have shown here that an RDoC framework can be used to successfully capture the language and social difficulties
in those without a formal diagnosis of ADHD, but a distribution of inattention and/or hyperactivity/impulsivity symptoms. Gathering
information about the associations between language and social functioning through this framework encourages researchers to
investigate these associations in larger, more diverse samples who do not have a formal diagnosis, leading to increases in statistical
power and better classifications based on a range of symptomatology.

5. Future Directions and Limitations

There are several important considerations for future work that should be noted. First, although we did not have a clinically
diagnosed sample of young adults with ADHD, it is important for future work to consider that some tasks (e.g., certain standardized
language tasks) can place high demands on aspects of cognitive functioning that are impaired in ADHD including attention, planning,
and inhibition, making these tasks especially challenging for these individuals (Oram et al., 1999). Evaluating how aspects of executive
function may be contributing to findings for between-group differences, as well as observed associations with language, social
functioning, and other skills thus represents an important direction for future research.

Second, future work should compare other groups who present with language and social difficulties overlapping with those seen in
individuals with ADHD such as those with DLD and autism spectrum disorder (ASD) using an RDoC approach. Specific abilities that
should be compared include those examined here, receptive and expressive language, as well as social responsiveness and social
competence. This method would enable researchers to evaluate language and social functioning across related diagnoses to understand
the degrees of convergence and divergence occurring across diagnostic groups. One example of why this approach might be important
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is that some individuals are diagnosed with ADHD and co-occurring DLD. These individuals may present with different behavioral
profiles than those with ADHD alone and those with DLD alone but may receive a combination of interventions targeted towards
individuals who present with the disorders in isolation. Ascertaining the overlap and non-overlap of symptoms may inform our
development of more precisely targeted treatment packages and advance us towards the achievement of more optimal outcomes across
clinical populations known to experience challenges in attention, language, socialization, and other domains.

Finally, it is important to note that although the questionnaires used in the current study were intended to measure inattention and/
or hyperactivity/impulsivity, social responsiveness, and social competency as separate components, it is possible that each measure is
assessing a similar, underlying construct and that certain items may be tapping into additional clinical symptomatology. For example,
some items on the ASRS may be tapping into issues related to social function, in addition to attention. Further, the SRS and MSCS have
been used in previous work focused on social function in ASD (Bolte, Poustka, & Constantino, 2008; Yager & Iarocci, 2013), Tuberous
sclerosis complex (Granader et al., 2010), and epilepsy (Viscidi et al., 2014), indicating that although these measures are reliable in
assessing social function across a range of diagnostic groups the total scores may not simply be a reflection of social function and rather
social issues that can arise as a function of these disorders. Thus, while we believe the ASRS to be a valid and reliable measure of
inattention and/or hyperactivity/impulsivity symptomatology, it is possible that additional issues related to social function are being
evaluated through this measure.

6. Conclusions

Taken together, the results from the current study add to the growing literature suggesting associations between inattention and/or
hyperactivity/impulsivity symptoms, language, and social skills. Our results provide novel evidence to suggest that (a) inattention
and/or hyperactivity/impulsivity symptoms may contribute more so to difficulties with language comprehension than language
production, and (b) that inattention may contribute more so to reduced social responsiveness and social competency than hyperac-
tivity/impulsivity. Therefore, behavioral symptoms related to inattention may be an important focus of social skills training for in-
dividuals who experience deficits in attention, whereas ADHD traits more broadly speaking may be important targets for individuals
with inattention and/or hyperactivity/impulsivity who struggle to understand language. This study is the first to evaluate the dif-
ferential associations between inattention and hyperactivity/impulsivity to language and social abilities in a sample with largely
subclinical levels of inattention and/or hyperactivity/impulsivity symptomatology. Further, we have shown here that reduced lan-
guage and social skills are not restricted to those with diagnosed ADHD but are represented in the general population as well. Thus, our
results suggest that at least some core symptoms of ADHD can be examined in the general population to inform the development of
novel interventions and allow researchers to administer tasks that might otherwise be too attentionally demanding for those diagnosed
with ADHD.
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