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Abstract
The current study investigated temperament profiles associated with internalizing symptoms and externalizing behavior in 
adolescents with ADHD. Participants were 121 adolescents (90 males) with ADHD, ranging in age from 13 to 18 years (M 
= 15.40, SD = 1.59). Emotional and behavioral ratings were obtained using the Strengths and Difficulties Questionnaire 
(SDQ) and temperament profiles were assessed by administering the Temperament and Character Inventory (TCI). Multivari-
ate profile analyses and post hoc tests revealed that youth high in internalizing symptoms were significantly higher in harm 
avoidance and lower in self-directedness. Youth high in externalizing behavior were significantly lower in cooperativeness. 
No cognitive differences were observed across groups, but youth high in externalizing behavior had more ADHD symptoms 
and greater impairment in daily life. Findings reveal unique temperament factors associated with comorbid concerns, which 
may have implications for adapting and personalizing intervention efforts based on these different profiles within adolescents 
with ADHD.
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Introduction

Attention-Deficit Hyperactivity Disorder (ADHD) is a neu-
rodevelopmental disorder characterized by impairing, per-
sistent, and pervasive symptoms of inattention, impulsivity, 
and/or hyperactivity [1]. It is one of the most common men-
tal health disorders of childhood, with an estimated global 
prevalence between 5% and 10% [2, 3]. Many individuals 
with ADHD experience problems associated with poor emo-
tion regulation, such as difficulty managing emotions and 
behavior. Externalizing behaviors, such as conduct prob-
lems, are up to 9.4 times higher in youth with ADHD when 
compared to typically developing peers [4, 5]. Furthermore, 
epidemiological studies indicate that clinically significant 

levels of anxiety are present in approximately 10-20% of 
children and youth with ADHD [6, 7], and similar rates of 
mood-related concerns have also been reported [8]. It has 
been speculated that the presence of internalizing symptoms 
or externalizing problems in ADHD may be an indicator for 
potentially different etiologic and modifying risk factors as 
well as different outcomes [4, 9, 10].

Given the centrality of emotional processes for normative 
social and cognitive development, research has increasingly 
focused on the significance of internalizing symptoms and 
externalizing behavior in attention disorders [11, 12]. In 
childhood ADHD, the presence of comorbid anxiety dis-
orders has been reliably linked to slower response times [7, 
13], poorer quality of life [14, 15], and modified ADHD 
presentation with relatively more inattentive than impul-
sive symptoms [13, 16, 17]. Youths with both ADHD and 
depression display more psychosocial impairment than 
youths diagnosed with either condition alone [18]. With 
regard to externalizing behaviors, children with ADHD are 
especially vulnerable to developing conduct problems, such 
as defiant, hostile, and disruptive behavior [4]. The coexist-
ence of ADHD and conduct problems has been associated 
with intense and persistent ADHD symptoms, pronounced 
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neurocognitive deficits, peer problems, and increased risk of 
juvenile delinquency [9].

The prevalence and functional impact of comorbid prob-
lems in youth with ADHD underscores the importance of 
understanding the role of stable, internal factors that may be 
contributing to this presentation. Temperament, in particu-
lar, has been implicated in developmental psychopathology 
and encompasses both biological and environmental influ-
ences [16, 19, 20]. Temperament may play a central role 
in determining individual differences among youth with 
ADHD, especially with regard to emotional and behavio-
ral functioning. Dimensions of temperament have been the 
focus of many developmentally-oriented investigations, and 
in the past decade there has been renewed interest in theo-
retical approaches to its study in childhood and adolescence 
[19–21]. Although definitions of temperament vary among 
theorists, a helpful and widely utilized formulation has been 
provided by Goldsmith and colleagues [22]: “Temperament 
consists of relatively consistent, basic dispositions inherent 
in the person that underlie and modulate the expression of 
activity, reactivity, emotionality and sociability” (p. 524). 
Self-regulatory aspects of temperament have been found 
to emerge in early childhood and persist throughout ado-
lescence and adulthood [23]. Notably, the term “effortful 
control” was first presented by Rothbart [24] to describe 
the ability to actively and internally guide the regulation of 
behavior and emotion, such as when inhibiting a prepotent 
response in order to complete a more suitable, non-domi-
nant response [12, 25, 26]. In non-clinical children, strong 
effortful control has been linked to better social outcomes, 
ability to regulate anger and aggressive impulses, and lower 
reported symptoms of anxiety and depression [25, 27]. It has 
been concluded that effortful control has temporal stability 
across school-age children [27–29].

Despite theoretical interest, little is known about the con-
nection between temperament profiles and internalizing/
externalizing problems in ADHD. The utility of investigat-
ing this topic is underscored by the extant literature that has 
documented an association between childhood temperament 
and risk for later problems in behavior and adaptation [25, 
30, 31]. Linking dimensions of temperament with clinical 
symptoms can provide insight into the etiological mecha-
nisms underlying psychological disorders [32, 33]. Elucidat-
ing relationships in these domains can provide a new dimen-
sion of clinical understanding into the pathways of symptom 
development, as emotional and behavioral problems may be 
connected to the psychobiology of temperament.

Relatedly, a recent study by Kang and Kwack [20] 
assessed dimensions of temperament in six to 12-year-old 
children with ADHD using the Temperament and Char-
acter inventory (TCI). The TCI is an assessment tool that 
has been adapted for use in children and adolescents to 
measure seven dimensions of disposition according to a 

psychobiological model developed by Cloninger and col-
leagues [34]. The inventory includes a “self-directedness” 
scale that is analogous to effortful control, and represents 
the ability to adapt and regulate behavior in accordance with 
situational demands. Kang and Kwack [20] reported that 
children high in harm avoidance temperament were more 
likely to struggle with internalizing symptoms, while chil-
dren with higher novelty seeking exhibited greater external-
izing problems. Surprisingly, no interactions between other 
temperament dimensions were found or reported for each 
of these comorbidities. The TCI manual cites low coopera-
tiveness as a factor that increases the risk of externalizing 
behavior problems, and this finding was based on predictive 
validity studies conducted by instrument developers [34]. 
However, low cooperativeness was not a distinguishing fac-
tor in the externalizing group within research by Kang and 
Kwack [20].

Although informative, this pediatric study did not account 
for the effect of ADHD severity or working memory dys-
function in all group comparisons [20]. Children with 
depressive disorder and learning disorder were selectively 
excluded from analyses, which likely impacted temperament 
findings concerning internalizing symptoms. Furthermore, 
the study was conducted on young children and did not 
include an adolescent sample. Adolescence is an important 
transitional period during development that encompasses a 
number of physical, behavioral, and cognitive changes [35]. 
The unique temperament profiles of adolescents with ADHD 
are yet to be investigated.

Cloninger’s psychobiological temperament model and 
associated measurement tool, the TCI, have been widely 
used in research and clinical practice [20, 36, 37]. According 
to this model, temperament components are associated with 
neurobiological substrates and independent neurotransmitter 
systems within the brain, which control activation, behavio-
ral inhibition, and maintenance in response to environmental 
stimuli [36, 38, 39]. For instance, individual differences in 
behavioral activation are called novelty seeking, and this 
capability is linked to response to new stimuli, escape of 
punishment, and the presence of reward systems. Cloninger 
described reward dependence as individual differences in the 
continuation of a response after discontinuation of reward, 
while persistence is the brain system’s ability to regulate 
intermittent reinforcement [39]. Harm avoidance consists 
of individual variability in behavioral inhibition. It has 
been proposed that temperament, in part, is responsible for 
underlying differences in response to reinforcement, feed-
back, and structure and accounts for consistency in response 
across settings [34]. Interactions between temperament fac-
tors have been associated with different disorders of mental 
health, and specific temperament profiles may act to influ-
ence susceptibility to comorbid problems in ADHD [20, 38, 
39]. Investigation of this topic is of clinical and theoretical 
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significance, and may shed light on the transdiagnostic 
implications of temperament.

The objective of the current study was to elucidate poten-
tial temperament factors related to internalizing symptoms 
and externalizing behaviors in ADHD. Levels of comor-
bidity between ADHD and other mental disorders peak in 
adolescence [35, 40]. Accordingly, adolescence was the 
developmental stage of interest for our study. The TCI was 
selected as our measure of temperament due to its compre-
hensiveness and the excellent construct and criterion validity 
of its psychobiological model of temperament [38, 41]. We 
compared adolescents with ADHD that were normal and 
high in internalizing symptoms and externalizing behaviors 
to determine if these adolescents exhibited differences in 
temperament. Profile analysis was conducted, which allowed 
for an integrated, visual, multivariate comparison of tem-
perament data across groups. Importantly, this model can 
control for the effect of ADHD severity, which is a common 
confounding variable in temperament research [20].

It was hypothesized that differences would be observed 
in the temperament profiles of adolescents with ADHD 
according to the presence of internalizing symptoms and 
externalizing behaviors. In particular, youth with high inter-
nalizing symptoms were expected to display a profile of low 
self-directedness and high harm avoidance. Youth with high 
externalizing behaviors were expected to display a profile 
high in novelty seeking and low in cooperativeness. Prior 
research has also established a relationship between working 
memory skill and the temperament characteristic ‘effortful 
control’ [42]; thus, in order to establish the unique role tem-
perament, working memory executive function ability was 
statistically controlled. It was hypothesized that tempera-
ment would predict emotional and behavioral psychopathol-
ogy beyond the effects of working memory.

Method

Participants and Procedures

Participants were 121 adolescents diagnosed with ADHD 
based on DSM-5 criteria [1] (elaborated below): 90 males 
(74%) and 31 females (26%). Their ages ranged from 13 
to 18 years (M = 15.40, SD = 1.59). The adolescents in 
this study were referred for assessment of ADHD at a pedi-
atric hospital in a large metropolitan city. On the day of 
the assessment, participants and their parents completed 
informed consent/assent, and study measures were com-
pleted as part of a larger clinical assessment battery. Parents 
were provided with questionnaires to be completed by teach-
ers and returned via mail. Teachers completed two question-
naires as part of the ADHD diagnostic process. Parents were 
asked to select a teacher who was most familiar with the 

student’s academic performance and behavior in school. The 
same teacher informant was used for both questionnaires.

All pediatric participants were native English speakers, 
and the majority of parents were well-educated, with 47% 
having completed university education and an additional 
38% having finished or completed at least some community 
or technical college. Regarding employment status, 51.2% of 
mothers reported working full-time, while 71.9% of fathers 
were working full-time. Parents were generally in good 
health: 31.4% of parents reported that they had a medical 
condition or health problem of a permanent or long-term 
nature, but only 7.4% of parents indicated that they were lim-
ited in carrying out normal daily activities at home or work 
due to a medical condition or health problem. With regard 
to relationship status, 80.2% of caregivers were living with 
their spouse/partner. Approximately one-third (33%) of the 
pediatric sample received medication for ADHD; however, 
informants were asked to report on behavior when the ado-
lescents were not taking medication. Participants currently 
taking medication were asked to stop at least 24 h prior to 
the study. Adolescents were excluded from the study if there 
was any evidence of a serious medical and/or neurological 
condition, psychosis, bipolar disorder, or pervasive devel-
opmental disorder.

Measures

Clinical Interviews

A semi-structured diagnostic interview was conducted with 
adolescents and parents using the Schedule for Affective 
Disorders and Schizophrenia for School-Age Children—Pre-
sent and Lifetime Version (K-SADS-PL) [43]. The K-SADS-
PL is widely used to diagnose childhood mental disorders in 
school-aged children from 6 to 18 years and allows for the 
comparison of responses from multiple informants. A clini-
cal psychologist or a supervised PhD candidate in clinical 
psychology performed the interviews. Interviews were con-
ducted separately with parents and adolescents, but the same 
clinician interviewed both informants. Items were scored 
using a three-point rating scale (1 = symptom not present, 
2 = sub threshold symptom, and 3 = symptom present). 
The clinician’s summary on the K-SADS-PL integrated 
parent and adolescent reported symptoms, and was used to 
determine diagnoses. Each symptom was scored when the 
informant provided evidence of an observed behavior for 
each symptom. In the case of any discrepancies between 
informants, evidence of observed behavior by one informant 
was scored as a symptom over a lack of symptom endorse-
ment. In general, when discrepancies occurred, parents 
tended to endorse symptoms over adolescent report. Par-
ent interviews were relied upon for diagnosis of ADHD and 
oppositional/conduct disorders, and adolescent report was 
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integral for diagnosing internalizing disorders (mood and 
anxiety) and substance use. The K-SADS-PL has demon-
strated moderate test-retest reliability (r = 0.63), comparable 
with other child psychiatric interviews, and inter-rater reli-
ability has been reported as 98% agreement [43].

Severity of ADHD Symptoms

The Strengths and Weaknesses of ADHD-symptoms and 
Normal Behavior Scale (SWAN) [44] was completed by 
parents and teachers of study participants. The SWAN is an 
18-item ADHD evaluation tool that assesses inattention and 
hyperactivity/impulsivity according to the diagnostic crite-
ria for ADHD listed within the Diagnostic and Statistical 
Manual of Mental Disorders, 5th Edition: DSM-5 [1]. The 
informant is asked to rate the adolescent’s behavior (relative 
to other youth of the same age) for each of the 18 symptoms 
using a seven-point scale, where Far Below Average = 3 
and Far Above Average = -3. Subscale scores for Inatten-
tion and Hyperactivity/Impulsivity are each calculated by 
summing the scores on the items in the specific subset (e.g., 
all Inattention related items) and dividing by the number of 
items (e.g., nine) to express the summary score as the aver-
age rating-per-item. A Total Score is derived from taking 
the average score of all 18 items. Psychometric properties 
of the SWAN are adequate, with high internal consistency 
and moderate test-retest reliability [45].

Scores on the SWAN were entered into our statistical 
models to adjust for the effects of ADHD severity. The 
SWAN is considered one of the most effective measures of 
ADHD symptom severity due to its ability to assess a full 
range of attention-related behavior relative to same-aged 
youth [46]. Rather than just documenting the presence or 
absence of a symptom, the informant is asked to compare the 
youth’s behavior with the average age and culture-specific 
behavior that would be expected. Scale items are phrased to 
represent the attention skills and gradual severity of symp-
toms in the general population, and ratings on the seven-
point scale can then be analyzed in relation to developmental 
and demographic norms [44, 46].

Emotional and Behavioral Ratings

The Strengths and Difficulties Questionnaire (SDQ) [47] 
is a brief behavioral screening questionnaire that examines 
behaviors, emotions, and relationships. It includes 25 ques-
tions pertaining to five scales: emotional symptoms, conduct 
problems, ADHD, peer relationship problems, and proso-
cial behavior. The emotional symptoms scale is an indi-
cator for internalizing symptoms, and includes five items 
inquiring about the presence of many worries, somatization 
(headaches), depressed or unhappy mood, nervousness in 
unfamiliar situations, and tendency towards being easily 

frightened. The conduct problems scale measures external-
izing behavior, and includes five items inquiring about the 
tendency to lose one’s temper, fight with other children, lie 
or cheat, and steal. Additionally, the conduct problems scale 
has a reverse-coded item that asks if the child is generally 
well-behaved [47]. There is also an impact supplement on 
the SDQ to assess impairment. The impairment questions 
inquire further about chronicity, distress, social impairment, 
and burden to others.

Each item on the SDQ is rated on a three-point scale with 
0 = Not true, 1 = Somewhat true, and 2 = Certainly true, 
and item ratings are used to generate a total summary score 
for each scale. The summary score is computed for each 
scale by dividing the sum of the item scores by the number 
of completed scale items and then multiplying the result 
by the number of scale items. The SDQ has been used and 
validated across a variety of populations and cultures and 
has adequate reliability and validity [47–49].

Both informant-report and self-report versions of the 
SDQ are available, and ratings were obtained by parents, 
teachers, and adolescents. The SDQ was utilized in early 
phases of our study to ensure that participants met ADHD 
diagnostic criteria. In conjunction with the K-SADS-PL and 
the SWAN, parent and teacher informant SDQ forms were 
used to establish pervasiveness and impairment diagnostic 
criteria through the ADHD and impact supplement / impair-
ment scales. Our study utilized self-reported SDQ findings 
for internalizing problems (the emotional symptoms scale), 
and parent-reported SDQ findings were used for external-
izing problems (the conduct problems scale). Internalizing 
symptoms are inner-directed expressions of distress, and 
research suggests that children should be relied upon to 
report symptoms of anxiety and depression, as they have 
been found to be both valid and reliable informants in this 
domain of psychopathology [50, 51]. Moreover, self-reports 
of internalizing symptoms are a key factor in diagnostic 
practice [52]. In contrast, parents have been found to be the 
most knowledgeable and accurate informants with respect 
externalizing problems due to a tendency for children to 
under-report oppositional behavior [53].

Temperament

Adolescents completed the Temperament and Character 
Inventory (TCI) [34]. The TCI is a questionnaire designed 
to assess seven dispositional dimensions, which are sub-
divided into four temperaments and three characters. The 
inventory consists of 240 items that are presented as state-
ments that describe attitudes, opinions, interests, and feel-
ings. Reponses are in “true” or “false” format. A T-score 
was generated for each of the seven TCI dimensions; 
when using T-Scores, the mean (average) is 50, and the 
standard deviation is 10. Tests of internal consistency and 
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test-retest reliability indicate that the TCI is moderately 
to highly reliable. Cronbach Alphas range from .65 to .89 
in a community sample. Construct validity has also been 
established; TCI self-assessment results are in line with 
temperament ratings made by experts through interview 
evaluation [34]. In adults, the TCI shows considerable 
convergence with the Revised NEO Personality Inventory 
(NEO PI-R) [54]. The validity and stability of the seven-
factor model of temperament, as suggested by Cloninger, 
has been supported in multiple samples [55–59]. The TCI 
has demonstrated good predictive validity that allows for 
identification of temperament dimensions that make indi-
viduals sensitive to psychiatric pathologies [34].

The dimensions of temperament measured by the TCI 
are novelty seeking (NS), harm avoidance (HA), reward 
dependence (RD), and persistence (P). Novelty seeking 
encompasses the activation of behavior in response to new 
experiences, while harm avoidance represents tendency 
toward behavioral inhibition, such as anticipatory worry, 
fatigability, fear of uncertainty, and shyness [34]. Reward 
dependence refers to the tendency to respond to signals of 
reward, especially to verbal signals of social approval and 
support. Persistence, the fourth element of temperament, 
reflects perseverance in spite of fatigue or frustration. Col-
lectively, these temperamental traits represent individual 
variability in the tendency to inhibit, initiate, and main-
tain behavior and emotions in response to different stimuli 
[60]. Cloninger’s model also includes three dimensions of 
character, which relate to one’s self-concept, goals, and 
values. Self-directedness (SD) is analogous to effortful 
control and represents willpower and self-determination, 
while cooperativeness (CO) is the extent to which a per-
son is agreeable in their relations with other individuals. 
Finally, the character trait of self-transcendence (ST) is 
based on the perspective of the self as an important part 
of the universe, and it involves the expansion of personal 
boundaries and spiritual beliefs [38].

Cognitive Function

As a measure of intellectual ability, participants completed 
the Wechsler Intelligence Scale for Children, Fourth Edi-
tion (WISC-IV) [61] or the Wechsler Adult Intelligence 
Scale, Third Edition (WAIS-III) [62], depending upon the 
age of the adolescent. Additionally, the Spatial Span task 
from the WISC-IV-Integrated [63] was administered as a 
measure of visuospatial working memory. Academic skills 
and academic fluency were assessed using the Woodcock 
Johnson Tests of Achievement—Third Edition (WJ-III) 
[64]. Scaled scores that are standardized for age were used 
for all cognitive measures in this study.

Diagnostic Characteristics

All participants included in the present study met ADHD 
diagnostic criteria established by the DSM-5 [1]. The diag-
nosis was based on a clinical interview, information from 
teacher reports for evidence of pervasiveness, and case 
review with a consulting psychiatrist to rule-out other con-
ditions. Specifically, ADHD was diagnosed if the following 
conditions were satisfied: (1) the participant met DSM-5 
criteria for ADHD according to the clinician summary on 
the K-SADS-PL clinical interview; (2) the participant pre-
sented with pervasiveness of ADHD symptoms according 
to teacher ratings on the SDQ or the SWAN; (3) there was 
clear evidence of impairment on the SDQ, and (4) a history 
of difficulties with ADHD.

Based on the K-SADS-PL, 74 adolescents were Pre-
dominantly Inattentive subtype, two were Predominantly 
Hyperactive/Impulsive subtype, and 45 were diagnosed 
as the Combined subtype. Participants had the follow-
ing comorbid diagnoses: Mood Disorder (1.7%), Anxiety 
Disorder (15.7%), Oppositional Defiant Disorder (15.7%), 
Conduct Disorder (5.8%), Learning Disorder (34.7%), and 
Substance Use Disorder (3.3%). Learning problems were 
screened based on low achievement.

Analytic Plan

Assignment of Internalizing and Externalizing Group Status

The SDQ has clinical thresholds for each scale, which assist 
with identifying individuals who display concerning levels 
of clinically significant symptoms. Clinical thresholds are 
based on norms and were standardized by the developers 
of the SDQ so that approximately 10% of a community 
sample would score in the elevated range [47]. Summary 
scores on the emotional symptoms scale and the conduct 
problems scale can range from 0 to 10. Participants were 
categorically divided into “high” and “normal” internalizing 
symptoms groups based on their total emotional symptoms 
summary score on the self-report version of the SDQ. This 
classification followed SDQ thresholds, which stipulate that 
youth with a score of seven to 10 on the self-reported emo-
tional symptoms scale display elevated levels of internal-
izing symptoms, while youth with a score of zero to six are 
within a normal range of reported symptoms (i.e., a score 
of seven is used as the clinical cut-off value). Participants 
were also categorically divided into “high” and “normal” 
externalizing behavior groups based on their total conduct 
problems summary score on the parent-report version of the 
SDQ. This classification followed SDQ thresholds, which 
stipulate that youth with a score of four to 10 on the parent-
reported conduct problems scale display elevated levels of 
externalizing behavior, while youth with a score of zero to 
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three are within a normal range of reported symptoms (i.e., 
a score of four is used as the clinical cut-off value).

Statistical Design

Data were examined to ensure that all assumptions of para-
metric tests were met, and an alpha significance level of .05 
was adopted. Holm’s sequential Bonferroni procedure [65] 
was used to adjust for multiple comparisons by controlling 
the family-wise error rate. A profile analysis was conducted 
to compare participants that are high and normal in self-
reported internalizing symptoms on traits within the TCI. 
Another profile analysis was conducted to compare partici-
pants that are high and normal in parent-reported external-
izing behaviors on traits within the TCI. In this way, groups 
were compared at the multivariate level on temperament and 
character profiles, and the resulting pattern was graphed for 
visual representation.

The effect of ADHD severity on group comparisons was 
controlled by entering SWAN total score (parent-report) as a 
covariate in each model. Profile analyses were followed with 
hierarchical linear regression analyses on all participants 
to examine the predictive power of relevant temperament 
traits on internalizing symptoms and externalizing behav-
ior; this allowed for symptoms to be analyzed as continu-
ous variables. Finally, one-way between subjects analysis 
of variance (ANOVA) was used to compare groups on aca-
demic outcomes, cognition, behavior, and ADHD symptom 
presentation.

Results

On the K-SADS-PL diagnostic interview, adolescent partici-
pants reported a mean of 7.03 (SD = 4.35) ADHD symp-
toms, and their parents endorsed a mean of 9.91 (SD = 2.84) 
ADHD symptoms. When SDQ norms were applied to the 
participant sample (as described above), 22 adolescents 
scored in the clinically elevated range on self-reported emo-
tional symptoms and were assigned to a high internalizing 
symptoms group. Furthermore, 60 adolescents scored in the 
clinically elevated range on parent-reported conduct prob-
lems and were assigned to a high externalizing behaviors 
group. Table 1 presents descriptive clinical findings on these 
groups, including mean Full-Scale IQ scores (FSIQ), gender 
distribution among groups, and SWAN symptom scores as 
rated by parents and teachers.

A profile analysis was conducted to examine if high 
internalizing symptoms were associated with a unique 
trait profile on the TCI. The high internalizing symptoms 
participant group was compared to the remaining partici-
pants that scored average/normal in internalizing symp-
toms. Data points reflect mean TCI index T-score across 
participants in each subgroup. In order to control for the 
effect of ADHD severity, SWAN total score (parent-report) 
was entered as a covariate in the profile model and in all 
post-hoc tests. The profile plot is presented in Fig. 1. Mul-
tivariate tests across groups revealed a significant group 
by dependent variable interaction effect, Wilk’s Lambda 
= .70, F(6,89) = 6.30, p < .001. This finding indicates 
that high and normal internalizing symptoms groups dis-
played dissimilar profiles on the set of TCI indices. Post 
hoc ANCOVA on all TCI scales revealed a significant 
difference in Harm Avoidance mean score for high inter-
nalizing symptoms (M = 63.05, SD = 8.16) and normal 

Table 1   Descriptive clinical characteristics of the ADHD adolescent sample

SWAN scores are expressed as an average rating per item, which can range from -3 to 3. Higher scores represent increased ADHD symptomatol-
ogy

Measure Full sample n = 121 High internalizing symptoms 
group n = 22

High externalizing 
behaviors group n 
= 60

FSIQ, M(SD) 103.70(11.34) 104.67(11.83) 101.53(11.93)
Males, N (%) 90(74.4%) 11(50.0%) 43(71.7%)
SWAN—Parent report, M(SD)
Total symptoms rating 1.21(0.66) 1.03(0.57) 1.46(0.57)
Inattentive symptoms rating 1.73(0.67) 1.66(0.68) 1.89(0.55)
Hyperactive/Impulsive Symptoms rating 0.68(0.92) 0.40(0.67) 1.03 (0.83)
SWAN—Teacher report, M(SD)
Total symptoms rating 0.90(0.99) 0.82(0.82) 1.05(0.91)
Inattentive symptoms rating 1.28(1.09) 1.20(1.13) 1.42(1.01)
Hyperactive/Impulsive Symptoms rating 0.51(1.20) 0.40(1.03) 0.66(1.15)
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internalizing symptoms (M = 51.03, SD = 10.03) groups, 
F(2, 94) = 11.68, p < .001. A significant difference in 
Self-Directedness mean score was also found between 
high internalizing symptoms (M = 28.21, SD = 8.72) and 
normal internalizing symptoms (M = 39.28, SD = 10.15) 
groups, F(2, 94) = 11.12, p < .001. Groups did not signifi-
cantly differ on the other TCI indices. In other words, pro-
file differences were chiefly due to the high Harm Avoid-
ance scores and low Self Directedness scores in the high 
internalizing symptoms group, as can be seen graphically 
in the profile lines of Fig. 1.

A three stage hierarchical multiple regression was con-
ducted with internalizing symptoms entered as the depend-
ent variable. In step one, total SWAN ADHD score (parent-
rated) was entered, and ADHD severity accounted for only 
3% (ΔR2 = .03) of the variation in internalizing symptoms, 
F(1,91) = 3.13, p = .080. In step two, measures of auditory 
and visual working memory were added. Specifically, the 
Working Memory index score from the WAIS-III or WISC-
IV was entered, as well as spatial span backwards scaled 
score. Step two did not significantly predict the outcome 
variable, F(3,89) = 1.20, p = .313, as working memory only 
accounted for an additional 1% (ΔR2 = .01) of the variation 
in internalizing symptoms. In step three, Harm Avoidance 
and Self-Directedness indices of the TCI were entered as the 
final predictors, and this step made a statistically significant 
contribution to the regression model, F(5,87) = 12.09, p 
< .001. Notably, Harm Avoidance and Self-Directedness 
accounted for 37% of the variability in internalizing symp-
toms outcome (ΔR2 = .37). A summary of regression statis-
tics produced by this model are provided in Table 2.

A second profile analysis of temperament and character 
was conducted on externalizing behaviors. The high exter-
nalizing behaviors participant group was compared to the 
remaining participants that scored within the normal range 
on externalizing behaviors. ADHD severity (parent-reported 
total ADHD score on the SWAN) was entered as a covariate 
in the profile analysis and in all post-hoc tests. The profile 
plot is presented in Fig. 2. Multivariate tests across groups 
revealed a marginally significant group by dependent vari-
able interaction effect, Wilk’s Lambda = .87, F(6,88) = 
2.23, p = .047, indicating the presence of omnibus group 
differences in TCI profile. Post hoc ANCOVA on all TCI 
scales revealed a significant difference in Cooperativeness 
mean score for high externalizing behaviors (M = 38.77, SD 
= 13.10) and normal externalizing behaviors (M = 46.78, 
SD = 8.53) groups, F(2, 93) = 6.45, p = .002. Groups did 
not significantly differ on the other TCI indices.

A three stage hierarchical multiple regression was con-
ducted with externalizing behaviors entered as the dependent 
variable. A summary of the conduct problems regression 
model can be found in Table 2. In step one, ADHD severity 
did not survive the application of the sequential Holm–Bon-
ferroni procedure, F(1, 88) = 5.04, p = .027. Similarly, vis-
ual and auditory working memory did not significantly add 
to the regression model in step two, F(3,86) = 2.80, p = 
.045. In the final step, Cooperativeness T-score on the TCI 
significantly predicted externalizing behaviors, F(4, 85) = 
4.85, p = .001, and accounted for 10% (ΔR2 = .10) of the 
additional outcome variability.

One way between-subjects ANOVAs were conducted 
to compare participants on internalizing symptoms and 

Fig. 1   TCI profile analysis for 
high versus normal internal-
izing symptoms in adolescents 
with ADHD. Note 1: Bolded 
diamond-shaped data points 
are representative of signifi-
cant mean differences between 
groups. Note 2: NS novelty 
seeking, HA harm avoidance, 
RD reward dependence, PS per-
sistence, SD self-directedness, 
CO cooperativeness, ST self-
transcendence
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externalizing behaviors according to ADHD presentation 
(Predominantly Inattentive subtype vs. Combined subtype). 
Youth with the Combined subtype had significantly greater 
externalizing behaviors when compared to youth with the 

Predominantly Inattentive subtype F(1,117) = 6.66, p = 
.011. There were no subtype group differences for inter-
nalizing symptoms, F(1,116) = 0.91, p = .341. Multivari-
ate tests were conducted across ADHD subtype groups to 

Table 2   Summary of hierarchical regression analyses for variables predicting internalizing symptoms and externalizing behaviors in the ADHD 
sample

** Significant following application of the sequential Holm–Bonferroni procedure

Outcome variable: internalizing symptoms

Predictor variable β t p R2 ΔR2

Step 1 .03 .03
ADHD severity −.18 −1.77 .080
Step 2 .04 .01
Spatial span backwards .08 .72 .473
Working memory .01 .06 .950
Step 3 .41 .37
Harm avoidance .41 4.66 < .001**
Self-directedness −.34 −3.82 < .001**

Outcome variable: externalizing 
behaviors
Predictor variable β t p R2 ΔR2

Step 1 .05 .05
ADHD severity .23 2.25 .027
Step 2 .09 .04
Spatial span backwards .00 −.00 .999
Working memory −.19 1.81 .074
Step 3 .19 .10
Cooperativeness −.34 −3.18 .002**

Fig. 2   TCI profile analysis for 
high versus normal external-
izing behaviors in adolescents 
with ADHD. Note 1: Bolded 
diamond-shaped data points are 
representative of the signifi-
cant mean difference between 
groups. Note 2: NS novelty 
seeking, HA harm avoidance, 
RD reward dependence, PS per-
sistence, SD self-directedness, 
CO cooperativeness, ST self-
transcendence
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examine if there were differences in TCI profiles. There was 
no significant group by dependent variable interaction effect, 
Wilk’s Lambda = .89, F(6,87) = 1.82, p = .105, suggesting 
that ADHD subtype groups did not differ on temperament 
characteristics.

Inferential statistics were also applied to the analysis of 
academic, cognitive, and behavioral outcomes of partici-
pants according to internalizing symptoms and externaliz-
ing behavior group status. Specifically, groups were com-
pared on academic skills and fluency, overall intellectual 
functioning, auditory working memory, visual working 

memory, peer problems, impairment in daily function-
ing, and ADHD symptoms. One-way between subjects 
ANOVA was applied to group comparisons for each vari-
able. Participants high in internalizing symptoms did not 
significantly differ on any of the outcome variables when 
compared to participants low in emotional symptoms. Par-
ticipants high in externalizing behaviors were significantly 
more likely to be rated by parents as having greater impair-
ment in daily functioning, greater total ADHD symptoms, 
greater inattentive symptoms, and greater hyperactive 

Table 3   Academic, cognitive, 
and behavioral outcomes 
according to internalizing and 
externalizing group status. 
Inferential statistics are based 
on between group comparisons 
using one-way ANOVA

Academic skills and fluency are from the WJ-III. FSIQ and Working Memory are index scores taken from 
the WISC-IV and WAIS-III. Spatial Span Backwards is a subtest from the WISC-IV-Integrated. Peer Prob-
lems and Impairment are scales derived from the parent-report SDQ. ADHD symptoms are from the par-
ent-rated SWAN questionnaire
*p < .01
**p < .001

Variable Internalizing symptoms Externalizing Behaviors

High
n = 22

Normal
n = 99

F High
n = 60

Normal
n=61

F

Academic skills
 M 107.23 101.81 3.01 100.58 105.14 3.53
 SD (14.20) (12.97) (13.67) (12.64)

Academic fluency
 M 104.32 100.49 1.31 100.18 102.26 0.63
 SD (15.79) (13.76) (16.06) (11.94)

FSIQ
 M 104.67 103.48 0.19 101.53 105.80 4.22
 SD (11.83) (11.29) (11.93) (10.42)

Working memory
 M 99.86 101.16 0.19 98.61 103.22 4.13
 SD (10.82) (12.88) (13.39) (11.15)

Spatial span backwards
 M 8.36 7.05 1.45 7.65 7.05 0.51
 SD (4.51) (4.65) (4.62) (4.60)

Peer problems
 M 2.77 2.43 0.42 2.97 2.02 5.54
 SD (3.04) (2.05) (2.08) (2.33)

Impairment
 M 3.68 3.79 0.05 4.78 2.75 37.97**
 SD (2.03) (2.09) (1.92) (1.68)

Total ADHD symptoms
 M 1.03 1.25 2.01 1.46 0.96 19.66**
 SD (0.57) (0.68) (0.57) (0.66)

Inattentive
 M 1.66 1.75 0.32 1.89 1.56 7.47*
 SD (0.68) (0.67) (0.55) (0.73)

Hyperactive impulsive
 M 0.40 0.75 2.60 1.03 0.35 18.44**
 SD (0.67) (0.96) (0.83) (0.90)
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impulsive symptoms. A summary of outcomes according 
to symptom status can be found in Table 3.

Discussion

The findings of this study revealed unique temperament pro-
files associated with internalizing symptoms and external-
izing behaviors in adolescent ADHD. Specifically, a profile 
high in harm avoidance and low in self-directedness pre-
dicted internalizing symptoms, while low cooperativeness 
was predictive of externalizing behaviors. These relation-
ships were significant even after statistically controlling for 
the influence of ADHD severity and working memory task 
performance. Moreover, cognitive and academic functioning 
were comparable for all groups. The results support tempera-
mental differences based on the presence of internalizing or 
externalizing difficulties in ADHD [34, 66].

To our knowledge, the current research is the first study 
to have taken a multivariate profile analytic approach to the 
study of temperament and emotional / behavioral problems 
in ADHD. By visually comparing mean data points across 
groups, one can tangibly observe the levels of temperament 
that differentiate individuals with internalizing and external-
izing problems. Additionally, profile analysis captures the 
multidimensionality of temperament and character, which 
consist of numerous dimensions that interact as a complex 
system, not as a set of individual components [67]. Only 
a single published study has examined the relationship 
between temperament, character, and internalizing / exter-
nalizing problems in ADHD using the TCI [20]. Children 
aged six to 12 years were investigated in this study, and it 
was found that high harm avoidance characterized internal-
izing symptoms, while high novelty seeking was associated 
with externalizing concerns. Our study extended this para-
digm by focusing on the developmental stage characterized 
by the greatest levels of emotional and behavioral concerns. 
A notable change during adolescence is the increase in prev-
alence of internalizing and externalizing problems, and this 
is especially true for the adolescent ADHD population [35, 
40]. Our study was also able to make an important contribu-
tion to the literature by examining the unique contribution of 
temperament apart from the effects of ADHD severity and 
working memory. Attention control and working memory 
are related to self-regulatory temperament and share simi-
larities with effortful control/self-directedness [42, 68]. 
Accordingly, it is important to differentiate the effects of 
attention disorders and higher order cognitive skills when 
examining the role of temperament in psychopathology.

Particularly notable were the TCI dimensions associ-
ated with internalizing symptoms in our adolescent ADHD 
sample. While all of our adolescents with ADHD dis-
played relatively low levels of self-directedness on the TCI, 

exceptionally low levels of self-directedness were seen in 
individuals high in internalizing symptoms. This group 
reached 2.25 standard deviations below the norm and harm 
avoidance was 1.33 standard deviations above average in this 
group. That is, low levels of self-directness and high levels 
of harm avoidance characterized this group of adolescents 
with ADHD and comorbid internalizing symptoms. Collec-
tively, harm avoidance and self-directedness accounted for a 
considerable 37% of the variance in internalizing symptoms, 
which represents a statistically large effect size. To date there 
have been mixed reports regarding the temperament dimen-
sions associated with internalizing symptoms. When the TCI 
was first constructed, its developers suggested that, in addi-
tion to high harm avoidance, individuals with anxiety con-
cerns may have lower scores in novelty seeking and reward 
dependence [38, 69]. However, our findings are consistent 
with subsequent studies that have administered the TCI to 
individuals with internalizing symptoms, which typically 
report increased harm avoidance scores, but no signifi-
cant differences in novelty seeking and reward dependence 
[70–72]. The link between harm avoidance and internalizing 
symptoms is likely strong [20, 73, 74] given that harm avoid-
ance is a heritable propensity to respond strongly to aversive 
stimuli and inhibit behaviors for the purpose of avoiding 
punishment, novelty, and frustrating non-reward [71].

Consistent with our findings, there are several other stud-
ies that have specifically observed high harm avoidance and 
low self-directedness in individuals with internalizing risk 
[67, 71, 75–77]. Replication of such findings suggests that 
this combination of traits could potentially be an endophe-
notype for mood and anxiety symptoms in the adolescent 
ADHD population. Self-directedness is akin to effortful con-
trol and includes traits related to willpower and self-determi-
nation, reflecting an ability to adapt and regulate behavior in 
accordance with situational demands in order to attain per-
sonal goals and values. Individuals high in self-directedness 
perceive themselves as an integrated, purposeful individual 
rather than as a series of reactive impulses [34]. Conceptu-
ally, self-directedness is related to a strong internal locus of 
control, such that individuals high in this trait often feel that 
they have control over the outcome of events in their lives 
[54]. Self-directedness is adaptive, and low levels can create 
an inclination toward poor problem solving, lack of striv-
ing, and not taking responsibility for personal actions [71]. 
Accordingly, the combination of high harm avoidance and 
low self-directedness that was observed in a subset our youth 
participants may have created a predisposition to internal-
izing symptoms by generating qualities that contribute to a 
lack of goal direction [34].

With regard to behavioral concerns, the ADHD group 
with high externalizing behaviors was significantly lower 
in the dimension of cooperativeness. Even after account-
ing for the effects of ADHD severity and cognitive skills, 
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the character trait of cooperativeness continued to predict 
externalizing behaviors and represented 10% of outcome 
variability, as shown through regression analysis. Youth 
high in externalizing behaviors were also found to have 
more ADHD symptoms and greater impairment to adaptive 
functioning in daily life, but they did not differ in their intel-
lectual, cognitive, academic or social outcomes.

In child, adolescent, and adult psychiatric patients, 
aggression scores have been predicted by low levels of coop-
erativeness [78, 79]. Cooperativeness temperament is the 
degree to which individuals identify with and accept others 
and value principles of helpfulness and compassion [54]. In 
the present study, the model contribution of cooperativeness 
was significant and strong in effect size, but model results 
also indicated that there are other central factors contributing 
to externalizing problems, in conjunction with cooperative-
ness. For instance, a rejecting parenting style had been found 
to moderate the relationship between temperament dimen-
sions and antisocial behavior in Russian adolescents [80]. 
Further research is necessary to untangle the relationship 
between environment, cooperativeness trait, and the devel-
opment of externalizing problems.

Hyperactivity and impulsivity are closely linked with 
externalizing psychopathology, and ADHD-related symp-
toms are often grouped under the umbrella of externalizing 
disorders due to their association with disruptive, maladap-
tive behaviors that are directed toward an individual’s envi-
ronment and cause impairment in everyday functioning [81, 
82]. Accordingly, it is not surprising that our study found 
that participants with greater ADHD severity also had higher 
levels of conduct problems and greater impairment. Further-
more, our results indicated that youth with Combined sub-
type ADHD had significantly greater externalizing behaviors 
when compared to participants with a Predominantly Inat-
tentive ADHD presentation. Temperament was not related 
to this effect, and it seems likely that the presence of hyper-
active and impulsive symptoms account for the increased 
externalizing behavior seen in the Combined subtype of 
ADHD. Participants that were Predominantly Hyperactive/
Impulsive subtype of ADHD were not included in subtype 
analyses given that only two youths had this diagnosis.

Our study did not replicate the high novelty seeking find-
ing of Kang and Kwack [20] with regard to the elevated 
externalizing behaviors group. Although high novelty seek-
ing has been cited as a temperament associated with exter-
nalizing psychopathology [83], it was not a differentiating 
factor in the outcome variables observed in this study. Pro-
files revealed that the means of all ADHD groups in the pre-
sent study were quite high in novelty seeking, reaching one 
or more standard deviations above the population mean. Our 
results suggest that a high level of novelty seeking is associ-
ated with ADHD more generally, and does not effectively 

differentiate youth with ADHD that are also struggling with 
internalizing symptoms or externalizing behaviors.

Although self-directedness was a significant internaliz-
ing profile factor, low levels of self-directedness were also 
observed in all participant groups and could be a character-
istic generally associated with adolescent ADHD. A novel 
contribution of this study is the amplified effect on self-
directedness in adolescents with ADHD when high internal-
izing symptoms are also present. Low persistence was also 
observed across ADHD groups. Taken together, these results 
are consistent with studies indicating that high novelty seek-
ing, low persistence, and low self-directedness are markers 
for ADHD diagnostic status [37, 84].

The findings of the current study emphasize the clinical, 
transdiagnostic implications of temperament. The tempera-
ment lens utilized in our study has elucidated connections 
between constructs that have typically been considered sepa-
rate across disorders. For example, by studying internalizing 
symptoms as part of ADHD and its temperament correlates 
(such as self-directedness), we have highlighted important 
relationships between domains that are often regarded as 
distinct. Within the scope of adolescent ADHD, problems 
with self-direction have been well-recognized [34]; how-
ever, it is a novel insight to recognize that self-direction may 
also be importantly related to emotional symptoms among 
these same individuals. The expression of emotional symp-
toms and externalizing behaviors importantly range within 
ADHD, and may be indicators for potentially different etio-
logic risk factors. The interactions between temperament 
factors may act to influence susceptibility to comorbid prob-
lems in ADHD [21, 54]. This provides a new dimension of 
understanding, as emotional and behavioral concerns may be 
rooted, at least in part, in the psychobiology of temperament.

Adolescents with ADHD are heterogeneous in their pres-
entation and comorbidities, and it is important to effectively 
tailor therapeutic interventions. For example, difficulties in 
self-directedness are commonly implicated in ADHD and 
are complex and difficult to ameliorate. If comorbid emo-
tional symptoms amplify difficulties in self-directedness, 
consideration should be given to additional intervention 
efforts to remediate these difficulties, such as strategies that 
incorporate consideration of internalizing symptoms as sig-
nals to focus on an internal locus of control. Adolescents 
with ADHD who are relatively low on self-directedness and 
do not have internalizing symptoms may benefit from envi-
ronmental interventions to help them initiate action to help 
guide their behavior. Then, for adolescents with ADHD who 
also have internalizing concerns, low self-directedness could 
be countered by promoting an awareness of internalizing 
concerns that may signal them to focus on an internal locus 
on control to direct and motivate youth towards their goals 
and values [85].
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Limitations and Future Directions

There are limitations in this study. Further replication of 
our findings will be needed with other large datasets using 
different ADHD samples. Our sample size was adequate 
to test the profile models in the current study reliably, but 
replication with larger samples to permit separate analy-
ses for males and females and for children, adolescents, 
and adults would be optimal. A future direction for ADHD 
temperament research is to examine the temperament fac-
tors relevant to internalizing-externalizing comorbidity in 
adolescent ADHD. Such research would expand upon our 
findings, as sample size presented limitations with respect 
to subgroup analyses. A small subset of our sample (four 
participants) scored in the elevated range on both internal-
izing and externalizing concerns. This subgroup was too 
small to analyze using inferential statistics, but it would be 
of interest to examine if this unique clinical presentation 
is characterized by distinct temperament factors. It is also 
important to note that by selectively examining temperament 
profiles, we have only investigated one transdiagnostic con-
struct of interest. Other relevant transdiagnostic constructs 
that were not accounted for within the current study include 
attachment security, emotion-regulation, and the role of 
stressful experiences. Future studies should account for the 
influence of additional relevant factors within their models 
when investigating comorbid symptoms within adolescent 
ADHD. Finally, this study was cross sectional, which lim-
its the conclusions that can be drawn about causality and 
variable relationships. A longitudinal study would provide 
greater insight into the impact of temperament by demon-
strating whether profile dimensions predate the development 
of emotional and behavioral problems.

Summary

Temperament factors were found to differentiate the emo-
tional and behavioral comorbidities of youth with ADHD. 
Specifically, the findings of the present study indicate that 
the combination of high harm avoidance and low self-direct-
edness is related to higher rates of self-reported internalizing 
symptoms, such as anxiety and low mood. Furthermore, low 
cooperativeness was identified as a factor associated with 
parent-reported externalizing concerns, such as aggressive 
behavior and violation of rules. Even after controlling for 
the influence of ADHD severity and working memory dif-
ferences, temperament profiles continued to be predictive 
of psychopathology, and represented 37% of the variance in 
internalizing symptoms and 10% of the variance in exter-
nalizing behaviors. These findings lead to implications for 
adapting and personalizing intervention efforts based on 
these different profiles within adolescents with ADHD.
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