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ABSTRACT

Objective: Both internalizing and externalizing comorbid disorders are associated with
ADHD. Both types of comorbidity have been shown to negatively impact social skills in different
ways. Children with ADHD and internalizing comorbidity tend to be more withdrawn in social
situations, while children with ADHD and externalizing comorbidity tend to be more aggressive.
This project aims to investigate whether or not these same social skill deficits and/or problems
extend into a more modern form of technological communication. Methods: Children with and
without ADHD participated in a simulated chat room task for which responses were coded and
given a skill level and categorized (e.g., prosocial, off-topic, hostile, no category, etc). One parent
and one teacher filled out questionnaires in order to assess the child’s social skills, behaviors,
thoughts/feelings, and symptoms of ADHD. Self-report measures of depression and anxiety were
administered to the children. Results: Children with ADHD had more symptoms of depression
and anxiety, more conduct problems, and worse social skills than non-ADHD controls as reported
by parents and child self-report (CDI and MASC). However, no significant differences were
found between children with and without ADHD on overall skill level in the in the simulated
Chat Room task. There was also no significant relationship between internalizing/externalizing
problems and social skills in the Chat Room task. Conclusion: Results of this study support
previous research that finds higher levels of internalizing and externalizing comorbidity and
social skill deficits in children with ADHD, although these children were still within the
normative range of functioning and level of comorbid symptoms. While results involving the
Chat Room task were insignificant, improvement upon limiting factors of this project can
hopefully lead to the development of more accurate assessments of the relationship between

comorbidity with ADHD and technological social interactions.
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INTRODUCTION

ADHD

Attention deficit hyperactivity disorder (ADHD) is a rather prevalent disorder among
children. Affecting a significant portion of the child population, ADHD is also highly comorbid
with many other psychological disorders. Research has indicated that this combination of
disorders can complicate the diagnostic and treatment process by either masking or exacerbating
diagnoses. The cause of ADHD remains unknown, and findings surrounding potential etiologies
are inconsistent. Despite the uncertainty of the cause of ADHD, effective treatments have been
implemented, although efficacy and outcomes can fluctuate between patients and severities.
Symptomatology

Central symptoms exhibited by those with ADHD are hyperactivity, impulsivity, and
difficulties in remaining attentive (Buchmann, Gierow, Reis, & Haessler, 2011). The diagnostic
criteria for ADHD, according to the DSM-5, states that a diagnosis can only occur if there are at
least six symptoms of inattention, at least six symptoms of hyperactivity or impulsivity, or a
combination of symptoms of both inattention and hyperactivity/impulsivity. Symptoms must also
occur before the age of twelve and must be present in at least two settings. Moreover, symptoms
must interfere with functioning in some way and may not occur at the same time as a psychotic
disorder, such as schizophrenia (American Psychiatric Association, 2013). A diagnosis of ADHD
is typically given based on information provided by caregivers in the home along with teachers at
school (Kernberg & Yeomans, 2013). ADHD can also be diagnosed as one of three subtypes. The
three types are predominantly inattentive, predominantly hyperactive-impulsive, or a combination

of the two and are determined by the occurrence of symptoms. The prevalence of ADHD in
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children is quite high. The worldwide prevalence of ADHD in children is estimated to be about 8-
12 % (Biederman & Faraone, 2005). The American Psychiatric Association also reports that
ADHD is more often diagnosed in males than in females, with the ratio being approximately 4:1
(Neece, Baker, Cmic, & Blancher, 2012).

Children with ADHD are at a heightened risk for many behavioral, social, emotional, and
academic problems (Barkley, DuPaul, & McMurray, 1990). Due to the inability to sustain
attention, children with ADHD tend to exhibit low academic performance (Neece et al., 2012).
When compared to controls, children with ADHD are more often required to repeat a grade and
to be placed in special education classes. Moreover, conduct problems and heightened aggression
are also highly common. Teacher reports indicate that children with ADHD are more disruptive
and noisy than their non-ADHD counterparts, and they tend to have more difficulty in social
relationships with peers (Barkley et al., 1990). Undoubtedly, ADHD causes numerous problems
in everyday functioning for children who have the disorder.

Etiology

Despite all of the existing data surrounding ADHD, there is still no proven cause of the
disorder. Much of the research surrounding the cause of ADHD involves neurological theory.
Nonetheless, research has yet to pinpoint one area in which an abnormality can account for all
symptoms of ADHD (Biederman & Faraone, 2005). One of the potential causes was examined by
Bledsoe and Pliszka (2013) in which the relationship between the anterior cingulate cortex and
symptom severity in children was assessed. The anterior cingulate cortex is a brain region that
plays an important role in self-regulation and executive control (Bledsoe & Pliszka, 2013).
Through the utilization of neuroimaging, it was determined that children with ADHD exhibited a
significant decrease in cortical thickness of the right rostral anterior cingulate cortex. Because this
area is associated with regulation and control, it is believed that the behavioral deficits exhibited

in those with ADHD are due to the unusual thinness of this brain area (Bledsoe & Pliszka, 2013).



Another brain region known as the salience network (comprised of the dorsal anterior
cingulate cortex and bilateral insulae) is believed to play a role in developing appropriate
behavioral responses (Ham, Leff, de Boissezon, Joffe, & Sharp, 2013). The bilateral insulae are
proposed to help distinguish between important information and irrelevant stimuli (Lopez-Larson
et al., 2012). A recent study found that children with ADHD have a reduced bilateral insulae
volume. These findings could explain how or why children with ADHD are so easily distracted.
Because the area of the brain that is involved in sorting through stimuli is reduced, it makes sense
that individuals with this reduction would have a difficult time paying attention to important
stimuli (Lopez-Larson et al., 2012). With research constantly leading to new discoveries
surrounding the potential causes of ADHD, there is also opportunity to find potential treatments
as well.

Treatments

Currently, the most common form of treatment for children with ADHD is medication
(Spencer et al., 1996). There is some controversy surrounding the use of psychiatric medication in
children, however research shows that stimulant medications are effective for most children.
Previous response rates to stimulant medication have been found to be about 70% (Spencer et al.,
1996). The two most widely used stimulant medications are methylphenidate and amphetamine.
These two medications function by facilitating the transmission of dopamine and norepinephrine
(Biederman & Faraone, 2005). While stimulant medications reduce symptoms of ADHD
including increased motor activity, impulsivity, and inattentiveness, they have also been
associated with improved academic performance, on-task behavior, and social function (Spencer
et al., 1996). There are, however, many children who do not respond to or have adverse side
effects to stimulant medication, so alternate treatment methods such as nonstimulant medication
and psychotherapy exist (Spencer et al., 1996). However, lower efficacy and side effects of

nonstimulant medications are a cause for decreased popularity. Psychotherapy techniques such as



behavior modification and cognitive-behavioral therapy have been shown to be effective in
ADHD symptom reduction. However, depending on individual differences of each patient, this
method of treatment may be most effective when coupled with medication (Biederman &
Faraone, 2005). Despite the treatments that exist for symptoms of ADHD, many of these
problems continue into adulthood as well.

Long-term Outcomes

Recent research indicates that ADHD persists into adulthood in approximately 75% of
people with the disorder (Wilens et al., 2002). Symtpoms of ADHD, such as distractibility and
inattentiveness, are present throughout adulthood for many individuals (Wilens, Biederman, &
Spencer, 2002). A history of ADHD within the family and/or the comorbidity of a psychiatric
disorder in childhood increase the probability that the disorder will persist into adulthood (Wilens
et al., 2002).

The presence of ADHD in childhood is known to place individuals at an increased risk
for the development of psychopathology and dysfunction in adulthood. One of the most frequent
problems of dysfunction in adults with ADHD surrounds delinquent behaviors (Jensen et al.,
1997). Another problem that can result from childhood ADHD is an increased risk for the
development of depression. Particularly, the hyperactive symptoms of ADHD are a strong
predictor of the onset of major depressive disorder in adulthood (Wilens et al., 2002). Depression
can cause numerous social and functional impairments including negative view of self, isolation,
loneliness, and the inability to form and/or maintain relationships (Rubin, Coplan, & Bowker,
2009). Moreover, the presence of childhood ADHD can also lead to substance abuse in
adolescence and/or adulthood (Wilens et al., 2002). This process tends to be progressive, in that
individuals typically use cigarettes around the ages of 17-22, then move onto alcohol, and then
drugs (Wilens et al., 2002).

Social Relationships



Strong social networks in childhood constitute a critical aspect of development, and
absence of such networks can lead to many problems, including future pathologies (Rubin,
Coplan &Bowker 2009). Social adjustment issues such as aggressive behavior, loneliness,
withdrawal, or isolation often stem from the lack of positive interactions with peers. This creates
a circular relationship in that these types of behaviors make children less likely to be accepted by
peers, but this lack of acceptance then exacerbates these problems (Rubin, Coplan & Bowker
2009). Conduct problems are an example of problematic behaviors that may arise due to poor or
nonexistent peer bonds in childhood. Aggressive children, specifically, have difficulties with this,
as aggressive behaviors coupled with continuous maltreatment from peers create a realm of
maladjustment that continues into later childhood and adolescence (Ladd 2006). It has also been
documented that individuals who were unpopular as children are more likely than their
counterparts to be discharged from the military due to conduct problems (Gottman, Gonso, and
Rasmussen, 1975). Other antisocial behaviors such as substance abuse and delinquent behaviors
can also stem from the lack of strong social networks in childhood (Parker et al., 1995).

Coupled with a lack of social acceptance usually comes peer victimization. However,
children with social adjustment issues may not be accepted/may be victimized for different
reasons (Rubin, Coplan &Bowker 2009). Children with problems of aggression may be rejected
or victimized because they evoke conflict through confrontations with others. On the other hand,
children who are socially isolated or withdrawn are normally unaccepted or victimized either
because they seem socially different from other children, or they appear as easy targets to their
peers (Rubin, Coplan &Bowker 2009). This then increases the behaviors of aggression and/or
withdrawal, making the problem continuous (Ladd 2006). Similarly, low social interaction also
leads to maladaptive attitudes such as negative self-regard, low self-esteem, and social anxiety.
These types of thoughts and/or feelings also continue the cycle of social dysfunction by building

up as rejection occurs, and in turn increasing rejection even further (Ladd 2006).



Strong social networks and interactions in childhood also set the foundation for
subsequent relationships later in life. Positive social relationships early on have a vital role in the
ability to develop and maintain positive relationships throughout development and the life span
(Cacioppo 2002). Unfortunately, it is often difficult to break this cycle of dysfunction as the
characteristics that may cause a child to lack strong social networks are only exacerbated through
the absence of positive interactions. This can be seen in all types of dysfunction (aggression,
withdrawal, isolation, etc) and is quite problematic for future relationships (Ladd, 2006).

Moreover, children with ADHD are at an increased risk for problems with peer
relationships (Crowe, Beauchamp, Catroppa, & Anderson, 2011). Teachers often describe
children with ADHD as loud, disruptive, disorganized, irresponsible, and immature. Children
with ADHD also tend to exhibit other antisocial behaviors which consist of lower self-control,
increased impulsivity, and aggression (Barkley et al., 1990). However, when ADHD is coupled
with commonly comorbid externalizing and internalizing disorders, these problems of social
dysfunction can be influenced even further.

Internalizing Comorbidity- Depression and anxiety

One of the biggest problems surrounding ADHD is its high comorbidity rate. ADHD has
been found to have general comorbidity with numerous disorders. Such disorders include
language delay, delayed motor skills, reading and math difficulties, learning disorders, conduct
disorder/oppositional defiant disorder, and anxiety disorders (Barkley, 2012). The combination
of ADHD and internalizing disorders, such as anxiety and depression is rather high. The
comorbidity rate between ADHD and anxiety disorders was estimated to be roughly 25%
(Biederman et al., 1991). These types of disorders contribute to social deficits in a cyclical nature.
In other words, many of the behaviors that add to social skill deficits will be reinforced and/or
exacerbated by the lack of positive peer relations due to such deficits (Rubin, Coplan, & Bowker,

2009).



Children who have depression tend to be socially withdrawn or isolated from peers
(Deater-Deckard, 2001). However, research also indicates that social withdrawal and/or peer
rejection is often predictive of depression or depressive symptoms later in life (Ladd 2006).
Moreover, research has shown that positive social interactions are beneficial in reducing
depressive symptoms (Chan 2012). Interestingly, Altmann and Gotlib (1988) found that children
with depression had numerous failed attempts at forming social bonds despite a greater number of
attempts than their non-depressed counterparts. This indicates that although depression can be a
result of poor social interaction in childhood, it can also prevent positive relationships from being
formed as well.

In addition to depression, other pathologies can both result from and contribute to poor
social networks in childhood. Anxiety and forms of social phobia are quite common among
children who lack strong peer relations due to withdrawal (Deater-Deckard, 2001). Although
these problems are less prominent in early childhood, they can negatively impact peer relations
later on in development (Ladd, 2006). As withdrawn behavior becomes more evident to peers,
these children tend to begin to experience more rejection, which worsens the already-existing
anxiety. This increased anxiety then contributes to even more withdrawal, adding to the circular
relationship (Rubin, Coplan & Bowker 2009). Moreover, it has been documented that withdrawn
behavior in childhood is predictive of anxiety disorders in adolescence (Prior, Smart, Sanson, &
Oberklaid 2000). Likewise, social inhibition during childhood also places children at an increased
risk for the development of social phobia in adolescence (Hayward et al., 1998).

Externalizing Comorbidity- CD and ODD

One of the most common comorbidities exists between ADHD and conduct disorder
(CD). Previous research has indicated that the prevalence of CD coupled with a diagnosis of
ADHD ranges from 42.7% to 93.0% (Jensen, Martin, & Cantwell, 1997). The added presence of

a disorder that contributes to heightened aggression can cause many more problems for children
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or adolescents with ADHD. The combination of ADHD and CD has been linked to a much higher

rate of school expulsions and/or suspensions along with a greater risk for deviant behavior outside
of the home or school (Jensen et al., 1997). Similarly, Costello, Mustillo, Erkanli, Keeler, &
Angold (2003) found that there is an increased risk for the later development of oppositional
defiant disorder (ODD) in children with ADHD. This relationship between ADHD and ODD is
also responsible for an increase in deviant behavior compared to children with ADHD alone
(Jensen et al., 1997).

CD and ADHD are both individually debilitating to social interaction in childhood, but
when joined together the effects can be rather detrimental (Booster, DuPaul, Eiraldi, & Power,
2012). Children with ADHD and a comorbid diagnosis of CD and/or ODD are reported by their
parents and teachers to exhibit more off-task behaviors than their counterparts with only ADHD.
Moreover, these children have been rated as demonstrating more verbal aggression in addition to
increased overall aggression (Abikoff et al., 2002). Parent and teacher reports also indicate that
children with an externalizing comorbid disorder have less developed and/or adaptive social skills
than those with ADHD alone (Booster, DuPaul, Eiraldi, & Power, 2012).

This combination of aggressive behavior coupled with an already existing propensity for
social deficits can be extremely damaging to peer relationships. It is likely that children with
ADHD and an externalizing comorbid disorder will be rejected by peers (Deater-Deckard, 2001).
This rejection is often caused by their increased aggression and hostile behavior towards peers.
These children are also more likely to have conflictual relationships with peers in that they are
more likely to get into trouble and less likely to treat others fairly (Deater-Deckard, 2001). An
extension to peer rejection is increased victimization experienced by those with ADHD and an
externalizing behavior disorder as opposed to those with only ADHD (Humphrey, Storch, &

Geffken, 2007). Likewise, children with an externalizing disorder and ADHD are significantly



more depressed than their ADHD-only counterparts in middle childhood, plausibly because of
their decreased social functioning and acceptance by peers (Ostrander, Crystal, & August, 2006).

Because this type of comorbidity consists of two very problematic characteristics (e.g.,
heightened aggression and decreased social functioning) both the short-term and long-term
outcomes can be rather harmful. As discussed earlier, increased aggression can put individuals at
risk for delinquent and maladaptive behavior in adolescence and adulthood (Wilens et al., 2002).
Social deficits in childhood are often responsible for much of the social maladjustment and/or
pathologies experienced in adulthood (Rubin, Coplan &Bowker 2009). Therefore, when these
two aspects are joined together the effects are exacerbated, and the dysfunction is increased
(Booster, DuPaul, Eiraldi, & Power, 2012)
Modern Social Interaction

The way in which individuals, especially children, communicate with each other is
becoming increasingly technological. It is estimated that children spend nearly eight hours of
each day utilizing some form of media (Rideout, Foehr, and Roberts, 2010). One of the most
common media outlets used by children ages 8 to 18 is the internet (Rideout, Foehr, and Roberts,
2010). Not only has the capacity of the internet increased for children within this age range, but
the accessibility has increased as well. Increased speeds, online television shows, and social
media have all impacted the growth of internet usage in children. Moreover, the number of
households with the internet along with the number of children who own laptops and have
internet access in their bedrooms has increased over the past few years as well (Rideout, Foehr,
and Roberts, 2010).

However, the findings pertaining to the impact that this has on social skill development
are mixed. Research indicates that internalizing problems associated with social relationships
with peers can either remain or be alleviated through online communication (Bonetti, Campbell,

& Gilmore, 2010; Mikami et al., 2010). For example, Bonetti, Campbell, and Gilmore (2010)
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found that children who were lonely discussed more personal topics when communicating online
than did their non-lonely counterparts. It was also found that socially anxious children
communicate much less online than those who are lonely (Bonetti, Campbell, & Gilmore, 2010).
Additionally, Pea et al. (2010) found that online communication was associated with more
negative outcomes and feelings than face-to-face communication in girls ages eight to twelve.
Interestingly, Mikami et al. (2010) found that the nature of peer interactions was extended from
face-to-face interactions to online communication in that peer-reported negativity in friendships
yielded negativity in online relationships as well (fewer “friends” online, fewer comments, etc).

Conversely, when communicating online, externalizing problems associated with peer
relationships can remain similar to those in face-to-face communication, or they can be
exacerbated (Grigg, 2010; Burton, Florell, & Wygant 2013). Nearly one in seventeen boys and
girls ages 10 to 17 have reported being threatened or harassed online (Finkelhor, Mitchell, &
Wolak, 2000). This has raised many questions about the phenomenon of “cyber-bullying”
including whether or not the aggression exhibited online is equivalent to in-person aggression
(Kowalski, Limber & Agatstson, 2008). Defined more broadly, Grigg utilizes the term “cyber-
aggression” which encompasses any “intentional harm delivered by the use of electronic means to
a person or group of people irrespective of their age, who perceive(s) such acts as offensive,
derogatory, harmful, or unwanted” (Grigg, 2010). In general, the children who normally exhibit
aggressive behaviors also tend to exhibit such behaviors online. Similarly, those that tend to be
victimized in person are typically targeted online as well (Burton, Florell, & Wygant 2013). The
concept of anonymity is also an important factor of online aggression in that children may be
more likely to partake in aggressive behaviors if their identity is unknown (Grigg, 2010).

These findings are very interesting in that they suggest online communication may be a
positive outlet for certain types of social dysfunction but not for others. Results suggest that

children who experience loneliness from peer relationships will feel more comfortable online,
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while children who are experiencing withdrawal due to anxiety will carry that anxiety into online
communication as well (Bonetti, Campbell, & Gilmore, 2010; Mikami et al., 2010). Additionally,
research indicates aggressive acts that are typically present in face-to-face interactions can be
brought into an online setting as well and may even be worse or more likely with the added
anonymity (Grigg, 2010; Burton, Florell, & Wygant 2013)
Hypotheses

This current project aimed to investigate whether negative impacts caused by both
internalizing and externalizing disorders that are commonly comorbid with ADHD would extend
to a modern setting of communication: online interaction. The hypotheses were as follows:

1) Children who have difficulties with internalizing (i.e., anxiety/depression) and children who
have difficulties with externalizing (i.e., oppositional defiance/conduct disorder) problems,
regardless of ADHD, will have poorer online communication skills as indexed by performance on
a simulated chat room task (i.e., type of response, number of responses).

2) Children with ADHD will have poorer online communication skills than children without
ADHD.

3) Children with ADHD and elevated anxiety/depression will exhibit more withdrawal in online
interaction. Specifically, they will have a decreased level of engagement than typically
developing children without an elevated level of internalizing symptoms.

4) Children with ADHD and elevated oppositional/conduct problems will exhibit more negative
interactions online. Specifically, they will make more off-topic or hostile responses in comparison

to typically developing children without an elevated level of externalizing problems.
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METHODS

Participants

This study sample consisted of 471 children between the ages of 8 and 12 both with and
without a history of attention problems. The average age of the sample was 9.63 years, with the
average age of controls being 9.62 and the average age of children with ADHD being 9.63. The
ethnic distribution of the sample was 77.8% Caucasian/Non-Hispanic, 6.11% African-American,
3.40% Caucasian/Hispanic, 0.81% African American/Black Hispanic, 0.97% Other Hispanic,
1.46% Asian, 0.16% Other, 6.81% of a mixed race, and 1.94% who did not disclose their race or
ethnicity. The breakdown consisted of 190 children in the control group and 281 children in the
ADHD group. Of the control group, 79 were male and 111 were female. Of the ADHD group,
183 were male and 98 were female. Participants were recruited from State College and the local
surrounding communities through a variety of methods including flyers, letters, and a research
database specific to The Pennsylvania State University.
Consent and Compensation

Before any data was collected, parents signed a consent form allowing their child to
participate in the study. In addition to this, parents signed a release of information form which
gave children’s teachers permission to answer questionnaires pertaining to the child participant.
Before beginning the DISC-1V and any other questionnaires completed in the lab, parents signed
a consent form. Children also gave assent before beginning any tasks in the lab. Teachers were
compensated with a $10 gift card, and parents also received a $10 gift card if they were screened
out after the questionnaire phase. If participants were screened out after the first lab visit, they
received a $30 gift card, and if they completed both of the visits, they received a $100 gift card.

Screening/Data Collection Procedure
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Participants were deemed eligible/ineligible through a multi-level process consisting of
three phases. The first phase included a collection of basic demographic information and an
evaluation of the children’s basic health and medical functioning through a parent interview via
phone. The presence of a pervasive developmental disorder, a neurological disorder, or
intellectual disability resulted in the child being screened out from the study as to maintain an
average cognitive ability among participants. Moreover, if children were taking any stimulant
medication for attention problems, they were asked to stop taking the medication 24-48 hours
before participating in the study as to eliminate any confounding effects of medication on the
child’s performance. Additionally, children who were taking psychiatric or anti-seizure
medication such as Abilify, Prosac, and Lithium were ineligible for the study due to possible
effects of medication on performance. Children were also deemed ineligible if a sibling
previously participated in the study.

The second phase of the study included a set of questionnaires that were sent to the both
the child’s parent and teacher. These questionnaires assessed the child’s thoughts, feelings, and
behaviors and included the ADHD Rating Scale-1V, Behavior Assessment Scale for Children-
Second Edition (BASC-2), the Conners Rating Scales Revised, and the Social Skills Rating
System (SSRS).

The ADHD Rating Scale-I1V was used to assess the symptomatology of ADHD according

to the DSM-IV criteria. The ADHD RS-V is an 18-item Likert scale questionnaire that assesses

99 ¢ 29 <6

children’s behavior pertaining to ADHD on a basis of “never,” “sometimes,” “often,” and “very

often.” This rating scale also distinguishes between symptoms of inattentiveness and
hyperactivity/impulsivity (Pappas, 2006). The BASC-2 was used to obtain parent and teacher

report of a range of behavioral and emotional problems in children through a Likert scale in

9 ¢¢ 99 ¢c

which behaviors were indicated as occurring “never,” “sometimes,” “often,” or “always” (Nugent

et al., 2013). The Conners Rating Scales Revised (CRS-R) consists of a Likert scale in which
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responses range from “not true at all,” “just a little true,” “pretty much true,” and “very much
true,” and was used to evaluate behavior problems and psychosocial functioning (Conners,
Sitarenios, Parker, & Epstein, 1997). Lastly, the SSRS was used to assess the child’s overall

99 ¢¢

social functioning through a Likert scale with responses that consist of “never,” “sometimes,” and
“very often” The teacher-specific SSRS also contained 9 additional questions in which the
teacher was asked to rate the child’s academic performance in a range from “lowest 10%” to
“highest 10%” (Lee et al., 2007).

With the results of these questionnaires, children were determined to be initially either
ADHD or control status. In order to be determined as potentially ADHD, children had to have
parent or teacher report on the ADHD-RS-1V of at least three symptoms of inattention, at least
three symptoms of hyperactivity/impulsivity, or greater than two symptoms in each category of
both inattention and hyperactivity/impulsivity. In addition, the BASC-2 and CRS-R were used to
determine if children were potentially ADHD. Specifically, the BASC-2 clinical scales of
hyperactivity, aggression, conduct problems, and attention problems were used. The CRS-R
clinical scales of oppositional problems, cognitive/attention problems, the ADHD index, and the
DSM-1V total were also used. In order to be deemed as potentially ADHD, there must be at least
one parent and one teacher report yielding a T-score greater than or equal to 61 on the specified
clinical scales.

Likewise, children were classified as control status if parent and teacher report on the
ADHD-RS-1V consisted of fewer than three symptoms of inattention, fewer than three symptoms
of hyperactivity/impulsivity, or fewer than three symptoms in each category of both inattention
and hyperactivity/impulsivity. In addition, in order for children to be classified as control status,
all aforementioned screen indices on the BASC-2 and CRS-R must have a T-score less than or

equal to 58. Moreover, if a child of control status has high academic competence (a T-score
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greater than or equal to 111), they are screened out in order to obtain consistency among
cognitive ability of participants.

Once children were screened in as potentially ADHD or control, they were brought into
the lab for two, three-hour visits. During these visits, children completed an extensive
neuropsychological battery of tests. Additionally, children completed self-report measures of
depression and anxiety which included the Multidimensional Anxiety Scale for Children (MASC)
and the Children’s Depression Inventory (CDI).

While the child completed the various tasks, the parent completed the Diagnostic
Interview Schedule for Children Version Four (DISC-1V). This DISC-1V is a structured interview
that is designed to assess a range of psychiatric disorders that may be present in children and
adults (Shaffer et al., 1999). The computerized interview allows parents to identify emotional and
behavioral tendencies of their child over periods of one month, six months, one year, and the
child’s whole life (Shaffer et al., 1999). Parents also completed forms on their child’s
developmental and treatment history.

After the first visit, a final status of ADHD is determined through the same measure of
teacher report on the ADHD-RS-IV and through parent-report on the DISC-1V. In order to be
given a diagnosis of ADHD, there must be at least six symptoms endorsed in either sub-category
of ADHD (i.e., inattentive/hyperactive) on the parent DISC-IV or teacher ADHD-RS-IV.
Children are ineligible for a second visit to the lab if their diagnosis is inconsistent with their
initial ADHD classification. For example, if children who are initially control have greater than
two symptoms on either the teacher ADHD-RS-IV or parent DISC-1V, they are screened out.
Moreover, if controls have an 1Q greater than 115, or controls and children with ADHD have an
1Q less than or equal to 80, they are screened out as to maintain consistency among the cognitive
ability of participants.

Internalizing Symptoms
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The total scores from the CDI and MASC were used to assess internalizing symptoms of
depression and anxiety, respectively. Additionally, the internalizing index of the parent BASC-2,
which includes indices of depression, anxiety, and somatization, was used to identify children
with ADHD who also had a high number of internalizing symptoms.

Externalizing Symptoms

Likewise, in order to assess externalizing symptoms, the externalizing index of the parent
BASC-2, which includes indices of hyperactivity, aggression, and conduct problems, was used to
identify children with ADHD who also had a high number of externalizing symptoms. Only the
indices of aggression and conduct problems were examined for this particular project.

Social Interaction

Social interaction was assessed through a chat room task in which children participated in
a simulated, on-line chat with four computerized peers (Mikami, Huang-Pollock, Pfiffner,
McBurnett & Hangai, 2007). During the task, which lasted approximately 20 minutes, children
were informed that they would need to help their peers plan a birthday party for one of the
simulated children in the chat room. The program was designed to follow a specific conversation
pattern but was also designed to respond, to an extent, to what the participant typed (Mikami, et
al., 2007).

After the task, children were asked a series of questions such as “what kind of foods
would the birthday kid like to have at the party?” or “how old will the birthday kid be?”” (Mikami,
et al., 2007). After scoring (responses were scored as correct, partially correct, or incorrect), a
team of undergraduate research assistants coded the transcript of the computer conversation.
Items that were measured through coding include total number of responses, total number of one-
word responses, total number of hostile responses, total number of prosocial responses, and total
number of off-topic responses. The skill-level of each response was also coded (0-2 scoring

system), along with an overall score of social functioning which was based on how often the child
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joined in, how much the child treated the computer kids as real peers, and how well the child’s
responses corresponded with the conversation. In order to assess the child’s social interaction for
this project, the overall score of social functioning, the overall score of how well the child joined
in and, the total number of off-topic and hostile responses were used.
Data Analysis

In order to examine the relationship between skill level of social interaction and
internalizing and externalizing symptoms that frequently co-occur with ADHD, a regression
analysis and a one-way ANOVA were used. The independent variables were internalizing
symptoms (i.e., anxiety/depression), externalizing symptoms (i.e., oppositional defiance/conduct
disorder), and ADHD status. The dependent variables were social skills, as measured by: overall
engagement in the task, overall ability to follow the simulated conversation, and the average skill
level in the chat room task. In order to conduct the analyses, an internalizing variable consisting
of an average of T-scores from the CDI, MASC, and internalizing index of the parent BASC-2
was created. Similarly, an externalizing variable consisting of an average of T-scores from the
aggression and conduct problems indices on the parent BASC-2 was also created. An ADHD
status variable derived from the DISC-IV was used to differentiate control and ADHD status. In
order to operationalize performance in the Chat Room task, the average skill variable, the “join-
in” (level of engagement), and total off-topic and hostile response variables were utilized. If the
proposed hypotheses were true, the results would be expected as follows:

1) There will be a main effect of internalizing/externalizing symptomatology on skill such
that the more elevated the internalizing/externalizing symptoms are, the lower the skill
exhibited in online communication (i.e., reduced engagement in the task, inability to
following conversation, and fewer overall responses). See Figure 1.

2) There will be a main effect of group on skill in that controls will always exhibit better

skill in the simulated chat room than children with ADHD. See Figure 2.
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There will be a main effect of internalizing symptomatology in which the more elevated
the symptoms of anxiety/depression, the fewer number of overall responses a child will
exhibit. Further, there will be a significant interaction in which the relationship between
internalizing symptomatology and social skill will be stronger for children with ADHD
than non-ADHD controls. See Figure 3.

There will be a main effect of externalizing symptomatology in which the more elevated
the symptoms of oppositional defiance/aggression a child displays, the greater the
number of off-topic and hostile responses the child will exhibit. Further, there will be a
significant interaction in which the relationship between externalizing symptomatology
and the number of off-topic or hostile responses will be stronger for children with ADHD

than non-ADHD controls. See Figure 4.
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RESULTS

Multiple differences were found between children with ADHD and those without. Results
can be seen in Table 1. 1Q differed significantly based on the presence/absence of ADHD with
the control group having an average 1Q of 110.13 and the ADHD group having an average 1Q of
105.08 [F(1,289)=10.88, p<0.01]. Furthermore, the number of inattentive and
hyperactive/impulsive symptoms differed significantly based on ADHD status with children in
the control group exhibiting an average of 0.65 inattentive symptoms and an average of 0.33
hyperactive/impulsive symptoms and the ADHD group exhibiting an average of 7.79 inattentive
symptoms and an average of 5.43 hyperactive/impulsive symptoms [(F(1,469)=2.957.64,
p<0.01), (F(1,469)=618.44, p<0.01)]. Children with ADHD were shown to be significantly more
depressed than control children [F(1,312)=44.37, p<0.01]. Relatedly, children with ADHD were
significantly more anxious than controls [F(1,310)=4.87, p=0.03]. Children with ADHD also
exhibited significantly more internalizing symptoms from the internalizing index of the parent
BASC-2 than controls [F(1,469)=93.57, p<0.01]. In terms of externalizing symptoms, children
with ADHD were significantly more aggressive than controls [F(1,469)=190.46, p<0.01].
Children with ADHD also exhibited significantly more conduct problems that controls
[F(1,469)=11.87, p<0.01]. Lastly, children with ADHD demonstrated significantly worsened
social skills according to the SSRS than did controls [F(1,168)=88.32, p<0.01].

Hypothesis 1: Correlation of Internalizing/Externalizing Variable and Average Skill Variable

There was no main effect of internalizing/externalizing symptoms on skill level in the
chat room task [(47=0.00, p=0.83), (4*=0.03, p=0.13)]. Therefore, elevated internalizing
(depression/anxiety) and/or externalizing symptoms (aggression/conduct problems) did not result

in a decreased skill level in online communication. Results can be seen in Table 2.
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Hypothesis 2: Online skill level based on presence/absence of ADHD

The ADHD status variable and the average skill variable from the chat room task were
submitted to a one-way Analysis of Variance. Results can be found in Table 1. There was no
significant difference between controls and ADHD on skill level in the chat room task
[F(1,81)=2.31, p=0.13]. In other words, controls did not exhibit better skill than those with
ADHD in the simulated Chat Room task.
Hypothesis 3: Correlation of Internalizing Variable and Level of Engagement

There was no main effect of internalizing symptoms on the level of engagement in the
chat room task (47°=0.01, p=0.46). Therefore, the level of internalizing symptoms
(depression/anxiety) did not influence the amount of engagement in the simulated Chat Room
task. Results of the correlation can be found in Table 2. Moreover, there was no significant
interaction between the extent to which the child was engaged in the task and the presence of
ADHD [F(1,83)=2.23, p=0.14]. In other words, had there been a main effect of internalizing
symptoms, the presence of ADHD would not have resulted in a greater decrease of engagement.
Results can be found in Table 1.
Hypothesis 4: Correlation of Externalizing Variable and Off-topic/Hostile Responses

There was no main effect of externalizing symptoms on the number of off-topic and
hostile responses [(47°=0.02, p=0.21), (47°=0.03, p=0.10)]. In other words, the level of
externalizing symptoms (aggression/conduct problems) did not result in an increase of off-topic
and hostile responses. Results of the correlation can be found in Table 2. Moreover, there was no
significant interaction between the number of off-topic and hostile responses and the presence of
ADHD [(F(1,83)=0.13, p=0.72), (F(1,83)=0.97, p=0.33)]. Therefore, had there been a main effect
of externalizing symptoms, the presence of ADHD would not have resulted in a greater increase

of off-topic and hostile responses. Results can be found in Table 1.
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DISCUSSION

Summary

This project aimed to investigate the relationship between internalizing and externalizing
comorbid disorders with ADHD and social skill deficits online. Internalizing comorbidity is
associated with withdrawn behavior, while externalizing comorbidity is associated with
aggressive behavior. Both types of comorbidity can negatively impact social skills (Rubin,
Coplan, & Bowker, 2009; Deater-Deckard, 2001). Therefore, this project intended to explore
whether or not these specific deficits (i.e., withdrawal, aggression) extend into modern forms of
communication (e.g., texting, email, chat rooms, etc).

This study utilized a very large sample that was primarily Caucasian (77.8%). This is
highly consistent with the United States population, which is 77.89% Caucasian (US Census,
2012). The argument could be made that the lack of racial and/or ethnic diversity within the study
sample is limiting. However, research indicates that ADHD diagnoses are much more prevalent
among Causcasian children than among African-American children (Miller & Nigg, 2008).
Furthermore, this study sample is highly representative of the United States population (US
Census, 2012).

In terms of socioeconomic status (SES), the median income of this sample was $61,000-
70,000. This is inconsistent with the general population of the United States which has a median
income of $51,371 (US Census, 2012). Therefore, this sample may be less representative of the
United States population in terms of SES. Similar to race/ethnicity, SES seems to have an effect
on ADHD. The prevalence of ADHD symptoms is significantly higher in children from low-SES
families (Pineda et al., 1999). Likewise, children from low-SES families tend to have lower
socioemotional functioning. In other words, these children have higher levels of internalizing and

externalizing problems and more peer relations problems (McLoyd, 1998). However, while the
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median income of this sample is slightly higher than the national median income, neither income
level indicates low-SES. Therefore, it is likely that these differences would not account for any
insignificance in the relationship between internalizing/externalizing comorbidities and social
skills. Moreover, an increase in the number of internalizing/externalizing problems and the
number of social skill deficits based on SES is not necessarily indicative of an increase in the
degree or presence of the relationship between the two.

In this sample, children with ADHD had lower 1Qs than those without ADHD. This is
consistent with previous research documenting lower intellectual functioning and poorer
performance of children with ADHD on the WISC-R (Faraone et al., 1993). However, their 1Qs
were still well within the average range. Children with ADHD also had more symptoms of
depression, anxiety, and conduct problems than their peers without ADHD. This is consistent
with previous research surrounding comorbidity with ADHD which finds that mood disorders co-
occur with ADHD in 15-75% of cases, anxiety disorders co-occur with ADHD in 25% of cases,
and conduct problems co-occur in 42.7-93% of cases (Biederman et al., 1991; Jensen et al.,
1997).

However, in this sample, the number of internalizing/externalizing symptoms comorbid
with ADHD was still within the average range. This could potentially account for the lack of
significance in the relationship between internalizing/externalizing comorbidity and social skills
online. In other words, because the children did not actually have an elevated level of comorbid
symptoms, the relationship of comorbidity with ADHD and social skills may not have been
visible.

Also consistent with existing literature, children with ADHD were rated by parents as
having significantly worse social skills on the parent-rated SSRS than those without ADHD.

However, social skills deficits did not extend into the simulated chat room task. There

were no significant differences between controls and children with ADHD on the overall skill
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level in the Chat Room task. There were also no significant differences between controls and
those with ADHD on the level of engagement or the number of hostile and off-topic responses.
Moreover, there was no significant relationship between the presence of internalizing and
externalizing symptoms on the level of engagement and the number of hostile and off-topic
responses in the Chat Room task.

These results suggest that while children with ADHD have a greater number of social
skill deficits and tend to have more symptoms of internalizing and externalizing comorbid
disorders (i.e., depression, anxiety, and aggression); these deficits were not seen in an online
setting (the Chat Room task). This could be due to the fact that neither internalizing/externalizing
symptoms nor ADHD predict social skill deficits online. Because ADHD and
internalizing/externalizing comorbidity are highly interrelated, it is possible that this relationship
accounted for the lack of findings in both hypotheses 1 and 2.

These findings may also be due to a multitude of limiting factors. First, the coded Chat
Room data yielded very few responses that were rated as hostile and off-topic. This is most likely
a contributor to the lack of significance in the relationship between externalizing symptoms and
hostile and/or off-topic responses. Second, the argument could be made that participants did not
have a real conversation because they were aware that their peers in the Chat Room task were not
real. However, due to the novelty of the task, interest levels and engagement tend to be quite high
(Mikami, et al., 2007). Moreover, when analyzing the coded Chat Room data, it was rather
infrequent to find children that were disengaged from the task or who did not treat the task
realistically.

Although participants treated the Chat Room task as if it were a real task, this does not
mean that the Chat Room task accurately mimicked actual online or technological interactions
with peers. For example, because the computer kids only had a limited number of set responses,

they could not always respond to a child’s statement or question in an accurate way (e.g., “cool”
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in response to a question). Similarly, the computerized program may not be able to recognize
certain aspects of a child’s response, such as typos, catch phrases, or jargon. This could possibly
hinder the flow of conversation that would likely be uninterrupted in an actual interaction with
peers (i.e., in a real chat room or text conversation). Further, even though the typing speed of the
child was accounted for prior to beginning the task, if a child was particularly slow when typing,
the computer kids would often prompt the child with a new statement or question before the child
could finish his or her response to the previous statement/question. This is another factor that is
unlikely to occur in an actual online interaction with peers as real children will probably wait for
the child’s response before responding themselves.

While the Chat Room task has been shown to be fairly accurate in reflecting the face-to-
face social skills of a child, it is unknown as to how accurately it reflects the nature of an online
communication with peers. In other words, it is difficult to determine if the miscommunications,
typos, or slow response time would hamper the conversation with real peers. Therefore, further
investigation surrounding such technical difficulties and/or effects within online communication
is needed in order to best examine the relationship between comorbid symptoms and social skills
online.

Limitations

Both parent report and self-report measures were used in the analyses of this project. The
depression (CDI) and anxiety (MASC) measures were completed by the child during the lab visit,
while the internalizing and externalizing measures (parent BASC-2) and the social skills rating
form (SSRS) were completed by the parent (BASC-2 completed prior to lab visit, SSRS
completed during lab visit). Previous research has shown that agreement between parents and
children surrounding psychological disorders of the child is often rather low, especially for
ADHD. Parents are much more likely to report symptoms of ADHD in children ages 9-11, and

they are more likely to indicate that a problem exists and that there is a higher need for services.
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Findings vary for parent/child report of depression and anxiety such that parents tend to report
more impairment in relation to depression, while children report more impairment in relation to
anxiety (Jensen et al., 1999). This discrepancy between parent report of internalizing symptoms
(parent BASC-2) and child self-report (CDI and MASC) may contribute to the null findings of
this study by inaccurately predicting the number of internalizing symptoms. Likewise, a similar
discrepancy may have occurred for parental-perceived social skills. For example, parents may
have over-reported social skill deficits on the SSRS, resulting in a heightened (and in turn,
unrealistic) expectation of social skill deficits in the Chat Room task.

However, it is important to note that the diagnostic process of ADHD within this sample
is likely very accurate. Because children with an ADHD status were found to have significantly
more inattentive and hyperactive/impulsive symptoms than controls, it can be presumed that the
diagnostic process is able to accurately predict the presence of ADHD. Even though teacher
reports on the pre-screening measures were collected, and such reports have been shown to
indicate higher ratings of ADHD symptoms than parental reports, maternal reports have been
shown to be highly accurate and reliable in predicting an ADHD diagnosis (Amador-Campos,
2005; Faraone, Biederman, & Milberger, 1995). Discrepancies between parent and teacher ratings
of ADHD are likely due to varied settings in which symptoms may manifest (i.e., a greater degree
inattention and/or hyperactivity at school) (Amador-Campos, 2005).

Future Research

Research assessing the relationship between social skill deficits and online/technological
communication must be conducted. Children are spending a significant amount of time each day
engaging in technological utilization or communication (Rideout, Foehr, and Roberts, 2010). This
could result in a reinforcement of maladaptive social skills as the problematic behaviors (e.g.,
withdrawal, aggression, etc) would continue outside of face-to-face peer interactions (Rubin,

Coplan, & Bowker, 2009). While children with ADHD and/or ADHD with comorbid symptoms
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did not seem to have greater impairment on the Chat Room task than children without ADHD or
a comorbid disorder, it is unknown if this would change given the context of the online
communication and/or the severity of comorbidity. Therefore, future research should focus on the
relationship between clinically elevated symptoms of internalizing/externalizing comorbidity with
ADHD and/or diagnosed comorbid disorders and social skills online to obtain the best
understanding of this relationship.
Conclusion

Results of this study support previous research that finds higher levels of internalizing
and externalizing comorbidity and social skill deficits in children with ADHD, although these
children were still within the normative range of functioning and level of comorbid symptoms.
While results involving the Chat Room task were insignificant, improvement upon limiting
factors of this project can hopefully lead to the development of more accurate assessments of the

relationship between comorbidity with ADHD and technological social interactions.
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Table 1. Means Comparing ADHD and Control Groups
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ADHD Control

N M SD N M SD F
[@) 150 105.08 14.39 141 110.13 1145 F(1,289)=10.88, p<0.01, n2=10.36
Inatt sxs 281 7.79 1.58 190 0.65 1.07 F (1, 469) = 2957.64, p<0.01, n2=0.86
Hyp/ Imp 281 543 2.78 190 0.33 0.62 F (1, 469) = 618.44, p<0.01, n2=0.57
SXS
CDI Total 192 48.77 9.24 122 4257 5.62 F (1,312) = 44.37, p<0.01, #2=0.13
MASC Total 191 53.56 11.41 121 50.87 8.87 F (1, 310) = 4.87, p=0.03, #2=0.02
Parent 281 56.94 13.95 190 45.96 8.61 F (1, 469) = 93.57, p<0.01, 2=0.17
BASC-2 Int.
Parent 281 56.93 12.06 190 44.42 3.98 F (1, 469) = 190.46, p<0.01, n2=0.29
BASC-2

Agg.
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Parent

BASC-2

Conduct

Probs.

SSRS

Chat room:

Average

Skill

Chat room:

level of
engage
Number of
oT
Responses
Number of
Hostile

Responses

281

48

50

50

50

64.65

87.16

242

4.40

0.20

0.12

80.31

15.75

0.37

2.0

0.88

0.72

190

90

35

35

35

35

4454

108.00

2.53

5.06

0.14

0.00

5.42

13.15

0.20

2.0

0.43

0.00

F (L, 469) = 11.87, p<0.01, 2= 0.03

F (1, 168) = 88.32, p<0.01, n2=0.35

F (1, 81) = 2.31, p=0.13, 42=0.03

F (1, 83) = 2.24, p=0.14, 42=0.03

F (1, 83) = 0.13, p=0.72, #2=0.00

F (1, 83) = 2.73, p=0.10, 2= 0.01
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Table 2. Pearson Correlations between Internalizing/Externalizing Symptoms and Chat Room Performance

Predictor Avg. Join In # of off-topic # of hostile
Skill responses responses
AP Ar? Ar? Ar?
Internalizing
(CDI, MASC, parent 0.00 0.01 -- --

BASC-2 internalizing

index)

Externalizing

(parent BASC-2 0.03 -- 0.02 0.03

aggression and conduct

problems indices)

*p <.05, **p <.01, ***p <.001
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