
RESEARCH ARTICLE

Social Network Analysis Reveals the Negative
Effects of Attention-Deficit/Hyperactivity
Disorder (ADHD) Symptoms on Friend-Based
Student Networks
JunWon Kim1, Bung-Nyun Kim1, Johanna Inhyang Kim1, Young Sik Lee2, Kyung
Joon Min2, Hyun-Jin Kim3, Jaewon Lee4*

1 Division of Child and Adolescent Psychiatry, Department of Psychiatry, Seoul National University Hospital,
Seoul, Republic of Korea, 2 Department of Psychiatry, Chung-Ang University College of Medicine, Seoul,
Republic of Korea, 3 Division of Child and Adolescent Psychiatry, Department of Psychiatry and Institute of
Behavioral Science in Medicine, Yonsei University College of Medicine, Seoul, Republic of Korea, 4 Korea
Institute on Neuromodulation, EasyBrain Center, Seoul, Republic of Korea

* sonton21@gmail.com

Abstract

Introduction

Social network analysis has emerged as a promising tool in modern social psychology. This

method can be used to examine friend-based social relationships in terms of network the-

ory, with nodes representing individual students and ties representing relationships

between students (e.g., friendships and kinships). Using social network analysis, we investi-

gated whether greater severity of ADHD symptoms is correlated with weaker peer relation-

ships among elementary school students.

Methods

A total of 562 sixth-graders from two elementary schools (300 males) provided the names of

their best friends (maximum 10 names). Their teachers rated each student’s ADHD symp-

toms using an ADHD rating scale.

Results

The results showed that 10.2% of the students were at high risk for ADHD. Significant group

differences were observed between the high-risk students and other students in two of the

three network parameters (degree, centrality and closeness) used to assess friendship

quality, with the high-risk group showing significantly lower values of degree and closeness

compared to the other students. Moreover, negative correlations were found between the

ADHD rating and two social network analysis parameters.

Conclusion

Our findings suggest that the severity of ADHD symptoms is strongly correlated with the

quality of social and interpersonal relationships in students with ADHD symptoms.
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Introduction
Attention-deficit/hyperactivity disorder (ADHD) is characterized by inattentiveness, hyperac-
tivity, impulsivity, or a combination of these features. ADHD is one of the most common psy-
chiatric disorders among children and adolescents [1]. A study conducted in the United States
in 2004 with 3,082 8- to 15-year-olds found that 8.7% of the tested children had ADHD [2]. A
Korean study by Cho et al. (2009) of 2,494 elementary school children found that 5.9% were
diagnosed with ADHD and that 9.0% had ADHD tendencies but did not satisfy the full diag-
nostic criteria [3], suggesting that the prevalence of ADHD in South Korea is similar to that in
the United States. ADHD symptoms in childhood and adolescence have negative consequences
in multiple areas. Inattention or hyperactivity/impulsivity may cause significant impairment in
academic, social, emotional, and familial functioning [4]. Previous studies indicate an increased
risk of delinquency [5], substance use and abuse [6], and depressive or anxiety disorders [7]. If
patients with ADHD are not properly treated, emotional problems emerge as maladaptive
behaviors, and ADHD can evolve into social maladaptations and antisocial behaviors in adult-
hood [8]. Likewise, the difficulty in overall functioning associated with ADHD symptoms in
childhood might persist [5].

Peer relationships and friendships are important to children’s social development [9].
Although peer-relationship difficulties are not a diagnostic criterion, children with ADHD are
prone to social problems [10]. Studies on the social problems of children with ADHD show
that most of these children have experienced peer rejection and have social-skill deficits [11,
12]. Difficulties in peer relationships among children with ADHD have been demonstrated in
several previous studies. More than half of elementary school children with ADHD are “peer-
rejected,” which is a large number compared to the 10%-15% of healthy children similarly cate-
gorized [13]. Additionally, 50–70% of children with ADHD experience peer-relationship prob-
lems [14]. Another study showed that 56–76% of children with ADHD fail to develop mutual
friendships, a rate far higher than the 10–32% observed in healthy controls [10]. Childhood
ADHD symptoms predict peer-relationship problems in adolescence [15] and increased inter-
nalization, resulting in poor social interactions in adulthood [16].

Peer-relationship problems, such as peer rejection and an absence of mutual friendship, are
among the causes of poorer long-term outcomes in children with ADHD, despite adequate
treatment [5]. The 14-month, NIMH-funded Multimodal Treatment of Attention Deficit
Hyperactivity Disorder (MTA) study included psychosocial treatment for social-skill enhance-
ment alongside the MTA medication algorithm, but no significant difference was seen between
treatment groups [17]. Peer problems in children with ADHD do not respond well to standard
ADHD treatment, such as medication, and present a major challenge to clinicians treating
these children [18].

The aim of this study was to investigate the sociocultural backgrounds, mental-health prob-
lems and difficulties in peer relationships of children with ADHD symptoms to elucidate the
correlation between ADHD symptoms and the quality of their social relationships. To this end,
previous studies have used concepts such as peer rejection, peer neglect and social isolation.
Another alternative concept is friendship nomination, which is widely used to identify mutual
friendships. In this method, a child makes a list of close friends, and the close friends included
in the list then make their own lists; children who nominate each other are considered mutual
friends [13]. This technique can be used to assess dyadic peer relationships but is limited in
terms of defining the social position of an individual or assessing complex dynamics of peer
relationship within a group.

We used social network analysis to measure popularity, mediating roles (such as introduc-
ing and grouping between friends with awkward relationships), and social position within a

Social Network Analysis and ADHD

PLOSONE | DOI:10.1371/journal.pone.0142782 November 12, 2015 2 / 14



group. We investigated the correlation between ADHD symptoms and social relationships
using quantitative parameters rather than self-reports. To the best of our knowledge, there are
no studies on the peer relationships of children with ADHD symptoms using social network
analysis. The second purpose of this study was to elucidate the correlation between peer rela-
tionships and common comorbidities of ADHD, such as impulsiveness, learning disorders,
and oppositional defiant disorder.

In summary, the aim of this study was to investigate the ADHD tendencies of community
elementary school students and the association between these tendencies and impulsiveness,
learning disorders, oppositional defiant disorder, and social-relationship difficulties to better
understand the burden of ADHD in South Korea. We hypothesized that the measures of rela-
tionship quantity and quality calculated by social network analysis would decrease as ADHD
symptoms and comorbidities increased in severity. This study analyzed the quality of peer rela-
tionships using a social-science technique known as “social network analysis,” a quantitative
tool based on others’ assessments rather than self-reports.

Methods

2.1. Participants
We selected schools with attention to the differences in school cultures between the metropoli-
tan area and rural areas, as a school with strong regional characteristics might not be represen-
tative of the general population. We chose the Chungcheongnam-do district for reasons of
accessibility and the city of Gongju for its high educational standards. There, we chose the two
elementary schools with students of similar socioeconomic status that expressed the most
interest in participation. Detailed information about the study was given to parents and chil-
dren, and then written informed consent was obtained from parents, children, and homeroom
teachers before the study entry. The study protocol was approved by the institutional review
board of the Gongju National Hospital.

To ensure a sufficient number of participants, two schools were chosen, and the investiga-
tion was conducted simultaneously among sixth-graders at both schools. Sixth-graders were
chosen because these students had attended school for the longest duration and therefore had
time to establish relationships with other students. Additionally, these students were old
enough to comprehend the content of the screening tools. There were no participants with sus-
pected intellectual disabilities at either school, and there were no missing data in the question-
naires due to the active cooperation of the homeroom teachers, which made it possible to
enroll the entire sixth-grade class in both schools. A total of 307 sixth-grade students were sam-
pled from School A, and 255 were sampled from School B. The mean age was not significantly
different between the two schools (A/B: 11.30±0.46/11.32±0.86, p = 0.70, Cohen’s d = 0.03).
School A had slightly more students, but the gender ratios of the two schools were similar (A:
51.8% male, 48.2% female; B: 55.3% male, 44.7% female).

2.2. Instruments
Basic demographic questionnaires and the ADHD screening test were given to all participants.
Data were obtained from homeroom teachers, who were likely to have the most information
about the students. Students completed self-rated questionnaires with questions about their
families, religion, and other social relationships, as well as clinical scales to assess impulsive-
ness, depression, and internet use. The homeroom teacher completed the scales used to assess
ADHD, learning disorders and oppositional defiant disorder for each student.

This study used five self-rated scales and three teacher-rated scales. The self-rated scales
included the Korean version of the Barratt Impulsiveness Scale (BIS) [19], the Korean version
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of the Children’s Depression Inventory (CDI) [20], the School Bullying Self-Rating Question-
naire (SBSRQ) [21], the Conners-Wells’ Adolescent Self-Report Scale (Short Form) [CASS(S)]
[22], and six of the 10 items suitable for adolescents from the modified Lubben Social Network
Scale (LSNS) [23].

The teacher-rated screening tools included the Korean parent and teacher ADHD Rating
Scale (K-ARS) [24], the eight-item Disruptive Behavior Disorder Scale (DBDS) based on the
DSM-IV to assess oppositional defiant disorder [25], and the Korean version of the Learning
Disability Evaluation Scale (K-LDES) [26].

2.2.1. Barratt Impulsiveness Scale-11 (BIS-11). The BIS-11 is a self-report questionnaire
designed by Patton (1995) to assess impulsivity and is composed of three subcategories, includ-
ing six attention-impulsiveness items, eight motor-impulsiveness items, and nine non-plan-
ning-impulsiveness items. This questionnaire uses a four-point Likert scale to measure the
frequency of each item (0 = rarely/never to 3 = almost), and the total score is the sum of the 23
items (range, 0–69). Cognitive impulsiveness assesses the tendency to respond or make deci-
sions without deep thought, motor impulsiveness assesses the lack of inhibition of spontaneous
behaviors, and non-planning impulsiveness assesses the tendency towards non-planning and
non-consideration of safety issues before acting [19].

2.2.2. Children’s Depression Inventory (CDI). The CDI is a modified version of the Beck
Depression Inventory developed by Kovacs (1983) to assess depressive symptoms in children.
It includes 27 items that assess the mood status of a child for the past two weeks using a self-
report form. Each item is graded on a scale of 0–2, and the total score ranges from 0 to 54 [20].

2.2.3. School Bullying Self-Rating Questionnaire (SBSRQ). The SBSRQ was developed
by Kim (2007) to assess school bullying using a self-report questionnaire. The questionnaire
contains 12 questions related to one’s experience of harassment and close peer relationships
and is used to assess group bullying at school. All items are rated on a four-point Likert scale
from 1 (not at all) to 4 (strongly agree), and the total score ranges from 12 to 48, with a higher
total score indicating greater severity of being the victim of school bullying [21].

2.2.4. Conners-Wells’ Adolescent Self-Report Scale (Short Form) [CASS(S)]. CASS(S)
is used to assess ADHD symptoms in adolescent students. Twenty-seven items are graded on a
scale from 1 to 4, and the total score ranges from 27 to 108, with a higher total score indicating
a higher risk of ADHD. This measure consists of four subscales, including conduct problems
(six items), cognitive problems (six items), hyperactive-impulsive (six items), and ADHD
index (12 items) scales [22].

2.2.5. Lubben Social Network Scale (LSNS). The LSNS is a self-report questionnaire
developed by Lubben (1988). It measures five aspects of social networks: family network,
friendship network, helping others, confidant relationships, and living arrangements. Ten
items are graded on a scale from 0 to 5, and the total score ranges from 0 to 50, with a higher
total score indicating higher social support. This study used only the six items regarding family
and peers that are appropriate for adolescents [23].

2.2.6. Korean parent and teacher ADHD Rating Scale (K-ARS). K-SARS was developed
by DuPaul (1991) to evaluate ADHD symptoms in school-age children. It consists of 18 items
based on the DSM-IV ADHD diagnostic criteria. Each item is rated on a four-point Likert
scale of 0 (never) to 3 (almost every day) according to the frequency of the problem behavior.
The sum of scores of odd-numbered items represents inattentive symptoms, and the sum of
scores of even-numbered items reflects hyperactive-impulsive symptoms, with nine items in
each category. The total score ranges from 0 to 54. In this study, the teacher-rated form was
used to increase reliability [24].

2.2.7. Disruptive Behavior Disorder Scale (DBDS). The DBDS was designed for a care-
taker to evaluate a child’s behavior based on the DSM-IV ADHD, oppositional defiant disorder
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(ODD), and conduct disorder (CD) diagnostic criteria. It includes 18 ADHD items, 8 ODD
items, and 15 CD items, for a total of 41 items. In this study, we used only the 23 items assess-
ing ODD and CD, and each item is rated on a four-point Likert scale of 0 (never) to 3 (almost
every day). The total score ranges from 0 to 69 [25].

2.2.8. Learning Disability Evaluation Scale (K-LDES). The K-LDES is an 88-item ques-
tionnaire developed by McCarney (1983). It was translated and standardized in Korean in
1998. The seven standardized subscales (listening, thinking, speaking, reading, writing, spell-
ing, and mathematical calculation) provide education-related assessments for learning disor-
ders. The Learning Quotient (LQ) is the score of the sum of the seven subscales, adjusted to fit
an average of 100 and a standard deviation of 15 [26].

2.3. Social network analysis of peer relationships
Social network analysis was developed in 1967 based on Stanley Milgram’s finding that “in
American society, two strangers can be connected by an average of 5.2 acquaintances.” This
method measured societal relationships not by subjective judgments but by mathematical
equations [27]. Social network analysis, a promising method in social science, can be used to
identify the central figure and outsiders of a group and to categorize an individual’s influence
on his or her social circle [28]. Thus, social network analysis has emerged as a key technique in
modern sociology and is now commonly available as a consumer tool. Social network analysis
views social relationship in terms of network theory, with nodes and ties representing individu-
als and relationship between individuals, respectively.

A peer relationship network was constructed using the survey question, “Write down the
names of 10 friends in the sixth grade of this school whom you have met outside of class,
whose home you have visited or whom you frequently call on the phone.” In the social network
analysis, among the many variables available, we selected the three that were most likely to rep-
resent peer relationships. The first variable was “degree,” which corresponds to how many
other students selected the individual as a close friend. This variable is similar to “in-degree,”
which is commonly used in social network analysis to show the degree of connection from out-
side. While “out-degree” is used to represent the number of connections going out from the
individual, “in-degree” indicates how many friends regard that student as a close friend. The
second variable was “centrality,” also called “betweenness centrality.” This variable calculates
the possibility that when A and B are connected via the shortest distance possible, C exists
somewhere along the path. Here, this variable indicates how often a student connected two
other students in the friendship network. The third variable was “closeness,” which is decided
by the total theoretical distance to all other nodes. This variable is similar to “in-closeness,”
which is commonly used in social network analysis and summarizes the inverse of all of the
lengths from all students to a particular student. Here, “in-closeness” indicates how closely a
student is connected to all other students in the friendship network. A high “closeness” score
indicates that the student has broad peer relationships, while a low score indicates the opposite
[29]. Another advantage of social network analysis is that it can represent all relationships in
the network using a map. The most common method of network mapping uses the Kamada-
Kawai layout algorithm [30]. Members who are popular and have a larger number of relation-
ships are located in the center, whereas those who have few relationships are located on the
periphery.

The social network analysis tools Pajek version 2.04 (Vladimir Batagelj and Andrej Mrvar,
http://pajek.imfm.si/doku.php?id=pajek) and Netminer version 4.0 (Cyram, South Korea,
http://www.netminer.com) were used.
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2.4. Statistical analyses
All statistical analyses were conducted using Predictive Analytics Software ver. 18.0 for Win-
dows (SPSS Inc., Chicago, IL, USA) with a significance level of 0.05. A total of 562 participants
were analyzed. The N was large enough for a normal distribution, so parametric methods were
used. The children were divided using the K-ARS scores assessed by homeroom teachers into a
normal group and a high-risk group. The cutoff score was 17, which is the score generally used
in clinical settings [31]. The demographic data and clinical-scale scores were compared using
independent-samples t-tests and chi-square tests. Pearson’s correlations were used to analyze
the associations between the nine clinical-scale scores and the three social-network variables.

Results

3.1. Comparisons of peer relationships and clinical-scale scores
according to gender
The teacher-rated K-ARS score was significantly higher among male students. Male students
also scored significantly higher than female students on the DBDS and the K-LDES. Female
students scored significantly higher than male students on the CDI, suggesting a higher preva-
lence of depressive symptoms among female students than among male students. No signifi-
cant differences were observed between male and female students with regard to degree,
centrality and closeness (Table 1).

3.2. Comparisons of peer relationships and clinical-scale scores
according to the severity and extent of ADHD symptoms
Fifty-seven children were included in the ADHD high-risk group, and 505 children were
included in the normal group. The high-risk group scored significantly higher than the normal

Table 1. Comparisons of peer relationship and clinical scale scores according to gender.

Boy Girl t p Cohen’s d

K-ARS 7.10±8.94 2.27±5.31 7.88 <0.001** 0.66

BIS 26.42±8.55 26.48±8.63 -0.08 0.939 0.01

CDI 9.46±7.12 11.05±7.32 -2.59 0.010* 0.22

CASS(S) 16.34±9.72 14.79±9.61 1.91 0.057 0.16

LSNS 16.75±6.37 17.79±5.86 -2.02 0.044* 0.17

SBSRQ 3.16±4.47 2.79±4.13 1.03 0.302 0.09

DBDS 2.23±3.53 1.17±2.82 3.95 <0.001** 0.33

K-LDES 2.65±5.58 1.44±4.01 2.97 0.003** 0.25

Degree 7.72±4.65 7.63±3.91 0.27 0.788 0.02

Centrality * 100 0.24±0.25 0.25±0.31 -0.63 0.531 0.05

Closeness 0.13±0.03 0.13±0.03 -0.01 0.995 0.01

p-values are indicated as follows:

* p � .05

** p � 0.01.

K-ARS, The Korean ADHD Rating Scale; BIS, the Korean version of the Barratt Impulsiveness Scale; CDI, the Korean version of the Children’s

Depression Inventory; CASS(S), Conners-Wells’ Adolescent Self-Report Scale (Short Form); LSNS, Lubben Social Network Scale; SBSRQ, School

Bullying Self Rating Questionnaire; DBDS, Disruptive Behavior Disorder Scale according to DSM-IV; K-LDES, the Korean version of the Learning

Disability Evaluation Scale; Degree, In-Degree; Centrality, Betweenness Centrality; Closeness, In-Closeness.

doi:10.1371/journal.pone.0142782.t001
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group on the CASS(S), DBDS, and K-LDES. The high-risk group had significantly lower LSNS,
degree, and closeness scores than the normal group (Table 2).

3.3. The correlations between peer relationships and the severity and
extent of ADHD symptoms
The severity and extent of ADHD symptoms were measured using the teacher-rated K-ARS.
The K-ARS score was significantly correlated with the other 9 scales, including impulsiveness,
depression, inattention-hyperactivity, social relationships, school bullying, oppositional defiant
disorder, learning disorders, as well as decreased degree and closeness, but it was not correlated
with centrality (Table 3). The scatterplot shows the correlation between the K-ARS scores and
the other scale scores (Fig 1). Scores on the impulsivity, depression, oppositional defiant disor-
der, and learning disorder scales were positively correlated with the ADHD scores, whereas the
social-relationship, degree and closeness data slant downward on the plots, demonstrating neg-
ative correlations (Fig 1). These findings suggest that the quality of social relationships, as well
as the degree and closeness of peer relationships, deteriorate as ADHD symptoms become
more severe.

3.4. Social network map analysis
The Kamada-Kawai layout algorithm can be used to present a network map to facilitate quick
understanding of the peer relationships in a group [30]. In Fig 2, squares represent male stu-
dents and circles represent female students. The large dots represent the high-risk group. The
male and female relationship networks of both schools were somewhat separate, with only a
few connections between the male and female groups. Only male students were classified into
the ADHD high-risk group in School A. Likewise, male students constituted the majority of
the ADHD high-risk group in School B. The high-risk group was located on the periphery in
both schools (Fig 2).

Table 2. Comparisons of peer relationship and clinical scale scores according to the degree of ADHD symptoms.

Normal ADHD high-risk t p Cohen’s d

BIS 26.25±8.49 27.84±9.12 -4.32 0.188 0.18

CDI 10.00±7.20 11.59±7.36 -1.57 0.118 0.22

CASS(S) 15.17±9.43 19.50±11.27 -3.20 0.001** 0.42

LSNS 17.46±6.01 15.76±6.83 2.00 0.046* 0.26

SBSRQ 2.82±4.11 4.18±5.54 -1.78 0.080 0.28

DBDS 1.23±2.62 6.19±4.67 -7.88 <0.001** 1.31

K-LDES 1.15±2.64 10.32±10.21 -6.75 <0.001** 1.23

Degree 7.84±4.25 6.53±4.68 2.20 0.028* 0.29

Centrality * 100 0.25±0.27 0.23±0.31 0.36 0.719 0.07

Closeness 0.13±0.03 0.12±0.04 2.12 0.038* 1.12

p-values are indicated as follows:

* p � .05

** p � 0.01.

K-ARS, the Korean ADHD Rating Scale; BIS, the Korean version of the Barratt Impulsiveness Scale; CDI, the Korean version of the Children’s

Depression Inventory; CASS(S), Conners-Wells’ Adolescent Self-Report Scale (Short Form); LSNS, Lubben Social Network Scale; SBSRQ, School

Bullying Self Rating Questionnaire; DBDS, Disruptive Behavior Disorder Scale according to DSM-IV; K-LDES, the Korean version of the Learning

Disability Evaluation Scale; Degree, In-Degree; Centrality, Betweenness Centrality; Closeness, In-Closeness.

doi:10.1371/journal.pone.0142782.t002
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Discussion
The current study has several strengths. First, all sixth-grade students in two schools were
included. If the elementary schools chosen in this study are representative of regional or
national populations, then these data can be used to estimate the prevalence of ADHD or the
high-risk population nationwide. However, these data might not be sufficient to generalize to
the national population based on the sample characteristics. According to our results, Schools
A and B have different proportions of students at high risk of ADHD and different demo-
graphic characteristics, all of which must be considered before the results can be used to draw
more general conclusions. However, the schools are located in an urban area with high aca-
demic standards, where schools are prioritized. We therefore believe that these data are suffi-
ciently representative of South Korea’s urban population. Second, we used teacher ratings,
which might be more objective than ratings by parents [32]. Finally, we used social network
analysis to assess the quality of peer relationships.

Our results are summarized below. In accordance with previous studies, we found that
ADHD symptoms were more common in male students than in female students [33]. Further-
more, male students scored significantly higher than female students on the oppositional defi-
ant disorder scale and the learning disorder scale, as expected, given that these conditions are
more common among male students [34–36]. Female students scored significantly higher than
males on the Lubben Social Network Scale, which assesses the frequency of contact with others.
This finding suggests that females are more likely than males to call friends or family members.
Finally, no significant gender differences were observed in the social network analysis. Previous
studies have found differences in processing of peer relationships according to gender that
have been suggested to result in differences in the development of boys and girls [37]. However,
these previous studies assessed subjective perceptions of relationships with others [13], while
this study quantified the complex dynamics of the groups using quantitative measures assessed
by others.

Table 3. Correlation coefficients between K-ARS scores and other clinical scores (N = 562).

K-ARS BIS CDI CASS(S) LSNS SBSRQ DBDS K-LDES Degree Centrality Closeness

K-ARS 1.000

BIS .173** 1.000

CDI .139** .417** 1.000

CASS(S) .245** .519** .653** 1.000

LSNS -.101* -.239** -.210** -.143** 1.000

SBSRQ .167** .177** .515** .376** -.144** 1.000

DBDS .567** .000 .046 .080 .038 .091* 1.000

K-LDES .651** .189** .148** .208** -.203** .137** .243** 1.000

Degree -.120** -.081 -.114** -.072 .237** -.169** -.028 -.171** 1.000

Centrality -.042 -.069 -.111** -.016 .183** -.091* .029 -.092* .403** 1.000

Closeness -.118** -.091* -.167** -.124** .292** -.263** -.026 -.234** .535** .565** 1.000

Significant correlations in bold. p-values are indicated as follows:

*p � .05

**p � 0.01.

K-ARS, the Korean ADHD Rating Scale; BIS, the Korean version of the Barratt Impulsiveness Scale; CDI, the Korean version of the Children’s

Depression Inventory; CASS(S), Conners-Wells’ Adolescent Self-Report Scale (Short Form); LSNS, Lubben Social Network Scale; SBSRQ, School

Bullying Self Rating Questionnaire; DBDS, Disruptive Behavior Disorder Scale according to DSM-IV; K-LDES, the Korean version of the Learning

Disability Evaluation Scale; Degree, In-Degree; Centrality, Betweenness Centrality; Closeness, In-Closeness.

doi:10.1371/journal.pone.0142782.t003
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Comparisons between the high-risk group and the normal group revealed characteristic dif-
ferences in several areas. The high-risk group scored significantly higher than the normal

Fig 1. Scatter plots of the Pearson’s correlations between the K-ARS for teacher and the other clinical scales. K-ARS, The Korean ADHD Rating
Scale; BIS, The Korean version of Barratt Impulsiveness Scale; CDI, The Korean version of Children’s Depression Inventory; CASS(S), Conners-Wells’
Adolescent Self-Report Scale(Short Form); LSNS, Lubben Social Network Scale; SBSRQ, School Bullying Self Rating Questionnaire; DBDS, Disruptive
Behavior Disorder Scale according to DSM-IV; K-LDES, the Korean version of Learning Disability Evaluation Scale; Degree, In-Degree; Centrality,
Betweenness Centrality; Closeness, In-Closeness

doi:10.1371/journal.pone.0142782.g001
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group on the oppositional defiant disorder and learning disorder scales. These results align
with those of previous studies reporting that people at high risk for ADHD are at increased risk
for comorbid oppositional defiant disorder or learning disorders [38]. According to the social
network analysis, the Lubben Social Network Scale score and the values of the degree and close-
ness variables were significantly lower for the high-risk group than for the normal group. Thus,

Fig 2. Social network analysis on peer relationships using the Kamada-Kawai layout algorithm. Boys
are represented by squares, and Girls by circles and the large dots represent the ADHD high risk group.

doi:10.1371/journal.pone.0142782.g002
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high-risk students have weak peer relationships and are more likely to be outsiders in their
class. A previous study showed that adolescents with ADHD symptoms are more likely to
experience alienation among their peers and have difficulties forming meaningful relationships
compared to those without ADHD symptoms [11]. One explanation for this finding is that
youths with ADHD are more sensitive to stimulation from others and show more aggressive
responses [11]. The higher rate of oppositional defiant disorder and inattentiveness-hyperac-
tivity scale scores among the high-risk students in this study support this hypothesis.

The ADHD scale was significantly correlated with the other nine scales but not with central-
ity. This result implies that fewer people consider students with higher scores on the ADHD
scale close friends, and they are at higher risk of being located at the periphery rather than in
the center in peer relationships compared to other children. Interestingly, the correlation anal-
ysis also revealed that the in-degree and closeness scores in the social network analysis were sig-
nificantly associated with five scales, including the ADHD scale, depression scale, social
network scale, school bullying scale, and leaning disorder scale. These results suggest that stu-
dents who have narrow relationships and are located at the periphery have higher rates of
ADHD tendencies, experience more depressive symptoms, have limited relationships with
their friends and family and are more likely to show perform poorly in school. However,
because correlation analyses cannot detect causal relationships, it is not possible to determine
whether or how these differences are causally related.

Finally, we generated a network map using the Kamada-Kawai layout algorithm, a common
visualization method in social network analysis. This map shows separations in the peer con-
nections between male and female students. Students at high risk for ADHD were concentrated
among the males, and most were located at the periphery in both schools. These results are
similar to those observed in the scale-scores analysis, again showing that the high-risk students
were more likely than their peers to have weak peer relationships and to be treated distantly by
other classmates. ADHD symptoms typically appear before age seven; however, behavioral
problems more clearly manifest as children begin school. Therefore, ADHD is commonly diag-
nosed among school-aged children. Elementary school is an important period for peer relation-
ship formation because students evaluate themselves through the eyes of their peers, who
influence their forming self-image [39]. The formation of healthy friendships during this
period predicts future personality and relationship development [40]. School is the most
important social environment for school-aged children, where these children acquire social
skills appropriate for their culture. Bullying in this period can cause serious negative effects on
self-esteem and self-image and can lead to school maladaptation in the future [41]. The main
symptoms of ADHD, including inattention and impulsivity, can be the cause of poor peer rela-
tionships low self-esteem, and mood symptoms, including depression and anxiety [42]. Peers
interpret of the behavior of the children with ADHD as rude and aggressive, and eventually
they gain a negative perspective and ignore the children with ADHD [43]. Previous studies
have reported that children with ADHD are less popular and have more conflict with peers
compared to typically developing children [13]. Children with ADHD develop a negative self-
image [44], and this lowered self-esteem leads to lower values for degree and closeness, the
measurement of the quality of social relationships in the social network analysis. All of the stu-
dents who participated in this study were sixth-graders, which is the age at which children at
high risk for ADHD are likely to experience alienation from their peers because of pre-existing
ADHD symptoms. This experience of alienation can lead to poor school adaptation and cause
peer problems. These students were located at the periphery of the group, as seen on the social-
network map.

This study has several limitations. First, as previously mentioned, peer relationships, scores
on mental-health screening tools, and the percentage of students at high risk for ADHD vary
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across sociocultural backgrounds. As a result, it is difficult to determine whether these results
can be generalized to the South Korean population. Second, our participants were not patients
but were students attending school, and the proportion of students classified into the ADHD
high-risk group was relatively small (n = 57). This sample size limits the generalizability of our
findings. Third, the current study was cross-sectional and did not use diagnostic tools with
structured interviews. However, we used teacher-rated scales rather than self-report question-
naires or parent-rated scales to compensate for this limitation [45]. Finally, the study design
rendered it impossible to determine causality (rather than correlation) between variables
related to ADHD symptoms and peer relationships. Additional studies are needed to establish
causal relationships.

Despite these limitations, we investigated mental-health problems among elementary school
children using social network analysis to assess the association between ADHD tendencies and
peer relationships. ADHD symptoms are highly related to impulsivity, depression, oppositional
defiant disorder, learning disorders and the quality of peer relationships. In conclusion, screen-
ing for ADHD among young patients and intervening to actively manage and prevent peer
problems might be helpful in enabling children to occupy a more central status among their
peers and to grow into individuals who have broader relationships with others.

Supporting Information
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lyzed result by SPSS. In this zip-compressed file, we provide two files: School_Data.xlsx; spss
result_School.xls.
(ZIP)

Author Contributions
Conceived and designed the experiments: JWK B-NK JL. Performed the experiments: JIK YSL
KJM. Analyzed the data: JL. Contributed reagents/materials/analysis tools: YSL KJM HJK.
Wrote the paper: JWK JIK JL.

References
1. Biederman J, Faraone SV. Attention deficit hyperactivity disorder: a worldwide concern. The Journal of

nervous and mental disease. 2004; 192(7):453–4. PMID: 15232314

2. Froehlich TE, Lanphear BP, Epstein JN, Barbaresi WJ, Katusic SK, Kahn RS. Prevalence, recognition,
and treatment of attention-deficit/hyperactivity disorder in a national sample of US children. Archives of
pediatrics & adolescent medicine. 2007; 161(9):857–64.

3. Cho S-C, Kim B-N, Kim J-W, Rohde LA, Hwang J-W, Chungh D-S, et al. Full syndrome and subthresh-
old attention-deficit/hyperactivity disorder in a Korean community sample: comorbidity and tempera-
ment findings. European child & adolescent psychiatry. 2009; 18(7):447–57.

4. Association AP. Diagnostic and statistical manual of mental disorders, text revision (DSM-IV-TR):
American Psychiatric Association; 2000.

5. Molina BS, Hinshaw SP, Swanson JM, Arnold LE, Vitiello B, Jensen PS, et al. The MTA at 8 years: pro-
spective follow-up of children treated for combined-type ADHD in a multisite study. Journal of the Amer-
ican Academy of Child & Adolescent Psychiatry. 2009; 48(5):484–500.

6. Biederman J, Monuteaux MC, Mick E, Wilens TE, Fontanella JA, Poetzl KM, et al. Is cigarette smoking
a gateway to alcohol and illicit drug use disorders? A study of youths with and without attention deficit
hyperactivity disorder. Biological psychiatry. 2006; 59(3):258–64. PMID: 16154546

7. Chronis-Tuscano A, Molina BS, PelhamWE, Applegate B, Dahlke A, Overmyer M, et al. Very early pre-
dictors of adolescent depression and suicide attempts in children with attention-deficit/hyperactivity dis-
order. Archives of General Psychiatry. 2010; 67(10):1044–51. doi: 10.1001/archgenpsychiatry.2010.
127 PMID: 20921120

Social Network Analysis and ADHD

PLOSONE | DOI:10.1371/journal.pone.0142782 November 12, 2015 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0142782.s001
http://www.ncbi.nlm.nih.gov/pubmed/15232314
http://www.ncbi.nlm.nih.gov/pubmed/16154546
http://dx.doi.org/10.1001/archgenpsychiatry.2010.127
http://dx.doi.org/10.1001/archgenpsychiatry.2010.127
http://www.ncbi.nlm.nih.gov/pubmed/20921120


8. Faraone SV, Biederman J, Spencer T, Wilens T, Seidman LJ, Mick E, et al. Attention-deficit/hyperactiv-
ity disorder in adults: an overview. Biological psychiatry. 2000; 48(1):9–20. PMID: 10913503

9. Kostelnik M, Whiren A, Soderman A, Rupiper M, Gregory K. Guiding Children's Social Development
and Learning: Cengage Learning; 2014.

10. Hoza B. Peer functioning in children with ADHD. Journal of pediatric psychology. 2007; 32(6):655–63.
PMID: 17556400

11. Bagwell CL, Molina BS, PelhamWE Jr, Hoza B. Attention-deficit hyperactivity disorder and problems in
peer relations: predictions from childhood to adolescence. Journal of the American Academy of Child &
Adolescent Psychiatry. 2001; 40(11):1285–92.

12. Mikami AY. The importance of friendship for youth with attention-deficit/hyperactivity disorder. Clinical
child and family psychology review. 2010; 13(2):181–98. doi: 10.1007/s10567-010-0067-y PMID:
20490677

13. Hoza B, Mrug S, Gerdes AC, Hinshaw SP, Bukowski WM, Gold JA, et al. What aspects of peer relation-
ships are impaired in children with attention-deficit/hyperactivity disorder? Journal of consulting and
clinical psychology. 2005; 73(3):411. PMID: 15982139

14. Antshel K, Macias M, Barkley R. The child with attention deficit hyperactivity disorder. Child pediatric
neurology. 2009:525–40.

15. Bagwell CL, Molina BS, PelhamWE, Hoza B. Attention-deficit hyperactivity disorder and problems in
peer relations: predictions from childhood to adolescence. Journal of the American Academy of Child &
Adolescent Psychiatry. 2001; 40(11):1285–92.

16. Mrug S, Molina BS, Hoza B, Gerdes AC, Hinshaw SP, Hechtman L, et al. Peer rejection and friendships
in children with attention-deficit/hyperactivity disorder: contributions to long-term outcomes. Journal of
Abnormal Child Psychology. 2012; 40(6):1013–26. doi: 10.1007/s10802-012-9610-2 PMID: 22331455

17. Group MC. A 14-month randomized clinical trial of treatment strategies for attention-deficit/hyperactivity
disorder. Archives of General Psychiatry. 1999; 56(12):1073.

18. Hoza B, Gerdes AC, Mrug S, Hinshaw SP, Bukowski WM, Gold JA, et al. Peer-assessed outcomes in
the multimodal treatment study of children with attention deficit hyperactivity disorder. Journal of Clinical
Child and Adolescent Psychology. 2005; 34(1):74–86. PMID: 15677282

19. Lee S-R, LeeW-H, Park J-S, Kim S-M, Kim J-W, Shim J-H. The study on Reliability and Validity of
Korean Version of the Barratt Impulsiveness Scale-11-Revised in nonclinical adult subjects. Journal of
Korean Neuropsychiatric Association. 2012; 51(6):378–86.

20. Cho S, Lee Y. Development of the Korean form of the Kovacs' Children's Depression Inventory. J
Korean Neuropsychiatr Assoc. 1990; 29(4):943–56.

21. Kim J. School Bullying Self-Rating Questionnaire: Korean Guidance; 2007.

22. Bahn G, Shin M, Cho S, Hong K. A preliminary study for the development of the assessment scale for
ADHD in adolescents: reliability and validity for CASS (S). J Child & Adolescent Psychiatry. 2001; 12
(2):218–24.

23. Lee KW, Kim SY, ChungW, Hwang GS, Hwang YW, Hwang IH. The validity and reliability of Korean
version of lubben social network scale. Korean Journal of Family Medicine. 2009; 30(5):352–8.

24. So YK, Noh JS, Kim YS, Ko SG, Koh YJ. The reliability and validity of Korean parent and teacher
ADHD rating scale. Journal of Korean Neuropsychiatric Association. 2002; 41(2):283–9.

25. Ise E, Görtz-Dorten A, Döpfner M. Reliability and Validity of Teacher-Rated Symptoms of Oppositional
Defiant Disorder and Conduct Disorder in a Clinical Sample. Psychopathology. 2014; 47(5):312–8. doi:
10.1159/000362373 PMID: 24993973

26. Shin MS, Hong KE, Kim ZS, Cho SC. A standardization study of the Korean version of Learning Disabil-
ity Evaluation Scale. Journal of Korean Neuropsychiatric Association. 1998; 37(6):1233–45.

27. Travers J, Milgram S. An experimental study of the small world problem. Sociometry. 1969:425–43.

28. Borgatti SP, Mehra A, Brass DJ, Labianca G. Network analysis in the social sciences. science. 2009;
323(5916):892–5. doi: 10.1126/science.1165821 PMID: 19213908

29. De NooyW, Mrvar A, Batagelj V. Exploratory social network analysis with Pajek: Cambridge University
Press; 2011.

30. Kamada T, Kawai S. An algorithm for drawing general undirected graphs. Information processing let-
ters. 1989; 31(1):7–15.

31. Kim YS, So YK, Noh JS, Choi NK, Kim SJ, Koh YJ. Normative data on the Korean ADHDRating Scales
(K-ARS) for parents and teacher. Journal of Korean Neuropsychiatric Association. 2003; 42(3):352–9.

32. Vaughn ML, Riccio CA, Hynd GW, Hall J. Diagnosing ADHD (predominantly inattentive and combine
type subtypes): Discriminant validity of the behavior assessment system for children and the

Social Network Analysis and ADHD

PLOSONE | DOI:10.1371/journal.pone.0142782 November 12, 2015 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/10913503
http://www.ncbi.nlm.nih.gov/pubmed/17556400
http://dx.doi.org/10.1007/s10567-010-0067-y
http://www.ncbi.nlm.nih.gov/pubmed/20490677
http://www.ncbi.nlm.nih.gov/pubmed/15982139
http://dx.doi.org/10.1007/s10802-012-9610-2
http://www.ncbi.nlm.nih.gov/pubmed/22331455
http://www.ncbi.nlm.nih.gov/pubmed/15677282
http://dx.doi.org/10.1159/000362373
http://www.ncbi.nlm.nih.gov/pubmed/24993973
http://dx.doi.org/10.1126/science.1165821
http://www.ncbi.nlm.nih.gov/pubmed/19213908


Achenbach parent and teacher rating scales. Journal of Clinical Child Psychology. 1997; 26(4):349–57.
PMID: 9418173

33. Cuffe SP, Moore CG, McKeown RE. Prevalence and correlates of ADHD symptoms in the national
health interview survey. Journal of attention disorders. 2005; 9(2):392–401. PMID: 16371662

34. Merikangas KR, He J-p, Burstein M, Swanson SA, Avenevoli S, Cui L, et al. Lifetime prevalence of
mental disorders in US adolescents: results from the National Comorbidity Survey Replication–Adoles-
cent Supplement (NCS-A). Journal of the American Academy of Child & Adolescent Psychiatry. 2010;
49(10):980–9.

35. Park SK, Kim JY, Cho CB. Prevalence of Internet addiction and correlations with family factors among
South Korean adolescents. Adolescence. 2007; 43(172):895–909.

36. Shaywitz SE, Shaywitz BA, Fletcher JM, Escobar MD. Prevalence of reading disability in boys and
girls: Results of the Connecticut Longitudinal Study. Jama. 1990; 264(8):998–002. PMID: 2376893

37. Walker S. Gender differences in the relationship between young children's peer-related social compe-
tence and individual differences in theory of mind. The Journal of genetic psychology. 2005; 166
(3):297–312. PMID: 16173673

38. Pliszka SR. Patterns of psychiatric comorbidity with attention-deficit/hyperactivity disorder. Child and
Adolescent Psychiatric Clinics of North America. 2000.

39. Brownell CA. Convergent developments: Cognitive-developmental correlates of growth in infant/toddler
peer skills. Child Development. 1986:275–86.

40. PEER SCI. Peer relationships, child development, and adjustment: A developmental psychopathology
perspective. Developmental psychopathology, Theory and method. 2006; 1:419.

41. Ttofi M, Farrington D, Lösel F, Loeber R. Involvement of children in school bullying: A systematic review
of its effects on later criminal and health outcomes based on longitudinal studies. 2012.

42. Gardner DM, Gerdes AC. A review of peer relationships and friendships in youth with ADHD. Journal of
attention disorders. 2013:1087054713501552.

43. King S, Waschbusch DA, PelhamWE Jr., Frankland BW, Andrade BF, Jacques S, et al. Social informa-
tion processing in elementary-school aged children with ADHD: medication effects and comparisons
with typical children. J Abnorm Child Psychol. 2009; 37(4):579–89. Epub 2008/12/25. doi: 10.1007/
s10802-008-9294-9 PMID: 19107591.

44. Foley-Nicpon M, Rickels H, Assouline SG, Richards A. Self-esteem and self-concept examination
among gifted students with ADHD. Journal for the Education of the Gifted. 2012; 35(3):220–40.

45. Tripp G, SCHAUGHENCY EA, Clarke B. Parent and teacher rating scales in the evaluation of atten-
tion-deficit hyperactivity disorder: contribution to diagnosis and differential diagnosis in clinically
referred children. Journal of Developmental & Behavioral Pediatrics. 2006; 27(3):209–18.

Social Network Analysis and ADHD

PLOSONE | DOI:10.1371/journal.pone.0142782 November 12, 2015 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/9418173
http://www.ncbi.nlm.nih.gov/pubmed/16371662
http://www.ncbi.nlm.nih.gov/pubmed/2376893
http://www.ncbi.nlm.nih.gov/pubmed/16173673
http://dx.doi.org/10.1007/s10802-008-9294-9
http://dx.doi.org/10.1007/s10802-008-9294-9
http://www.ncbi.nlm.nih.gov/pubmed/19107591

