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“But, though no man can draw a stroke between the confines of day and night,  

yet light and darkness are upon the whole tolerably distinguishable” 

(Burke, 1770/1963, p. 147). 

 

 

 

 

“What we call a beginning is often the end 

And to make an end is to make a beginning. 

The end is where we start from. (…) 

We shall not cease from exploration 

And the end of all our exploring 

Will be to arrive where we started 

And know the place for the first time” 

(Eliot, 1942, section V). 
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Summary 

One of the most difficult challenges faced by researchers and clinicians is how to best 

conceptualize the classification of mental disorders. Can we assume that there is a clear 

distinction in which an individual is either ‘normal’ (i.e., not meeting diagnostic criteria) or 

‘abnormal’ (i.e., meeting diagnostic criteria)? And should we continue to endorse this black-

and-white mindset, even though reality presents us with various shades of gray? Or should we 

not rather assume that the frequency and severity of psychological symptoms vary continuously 

across the full range of each dimension, without any distinct, meaningful binary threshold 

between 'having' or 'not having' a mental disorder? These questions have sparked an ongoing 

debate regarding whether it is more appropriate to conceptualize mental disorders using 

categorical or dimensional approaches– a debate that holds significant implications for 

scientific research and clinical practice. 

Building upon this debate, the main objective of this doctoral dissertation is to contribute 

to establishing a rigorous standard for diagnosing mental disorders in childhood and 

adolescence. Having developed the DISYPS-ILF, an extensive set of clinical parent interviews 

for diagnosing mental disorders, this dissertation provides a comprehensive psychometric 

evaluation of the Interview for Externalizing Disorders (ILF-EXTERNAL). The ILF-

EXTERNAL covers diagnostic criteria for attention-deficit/hyperactivity disorder and 

disruptive behavior disorders. One major advantage of the ILF-EXTERNAL compared to 

existing clinical interviews is that it allows both a categorical assessment and a dimensional 

characterization, thereby integrating the strengths of both diagnostic approaches. Participant 

data (N = 474) for analyses of this dissertation were obtained from the ESCAschool (Evidence-

based, Stepped Care of ADHD in school-aged children) multicenter trial. 

This doctoral dissertation is designed as a cumulative work and comprises three 

empirical studies. The first study (Thöne et al., 2020) assesses the psychometric properties of 

the ILF-EXTERNAL. Overall, the ILF-EXTERNAL displays sound psychometric properties 

in terms of validity and reliability. Furthermore, diagnostic agreement between clinicians is 

generally higher at the dimensional level compared to categorical diagnoses. The second study 

(Thöne et al., 2021) evaluates the factorial structure of the ILF-EXTERNAL and systematically 

tests the underlying latent dimensions of externalizing symptoms using confirmatory factor 

analyses and exploratory structural equation modeling. Specifically, results demonstrate that a 

novel bifactor S-1 factor model displays a statistically sound factor structure and allows for 

meaningful interpretation. Besides, results from measurement invariance analyses highlight 

meaningful cross-informant discrepancies, that is, different informants (i.e., clinicians, parents, 
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teachers) provide unique perspectives how children’s behavior varies across settings, such as 

at school or at home. The third study (Thöne et al., 2023) zooms in on the symptom-level and 

enhances the understanding of how individual symptoms differentially relate to psychological 

distress and functional impairments. Overall, results from the multivariate regression analyses 

demonstrate significant variations in the associations between symptoms and global functional 

impairment. Furthermore, results from network analyses reveal a more nuanced yet 

multifaceted perspective on the associations between individual symptom-impairment relations 

compared to factor-analytic techniques.  

In conclusion, findings from this doctoral dissertation, especially the comparison of 

latent factor and network models, demonstrate that there is no simple or comprehensive solution 

to the categorical versus dimensional debate from an empirical perspective. Both categorical 

and dimensional approaches have their merits and combining both approaches may help to 

compensate for each other’s shortcomings. These findings, whilst intriguing, represent only the 

beginning of the journey and there is still a need to investigate categorical and dimensional 

concepts as well as recently proposed hybrid systems of psychopathology in greater detail. In 

the future, there needs to be further focus on the clinical utility of empirically identified 

dimensions, their clinical implications regarding the selection of appropriate treatments and 

adaptive interventions, and systematic research on patient outcomes when adopting 

dimensional instead of categorical measures of psychopathology. 
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Zusammenfassung 

Eine der schwierigsten Herausforderungen, mit denen Forscher*innen und 

Kliniker*innen konfrontiert werden, ist die Frage, wie sich die Klassifikation psychischer 

Störungen am besten konzeptualisieren lässt. Können wir davon ausgehen, dass es eine klare 

Diskontinuität gibt, bei der eine Person entweder ‘normal’ ist (d. h. die Diagnosekriterien sind 

nicht erfüllt) oder ‘abnormal’ (d. h. die Diagnosekriterien sind erfüllt)? Und können wir dieses 

Schwarz-Weiß-Denken noch vertreten, obwohl es in der Realität nichts als verschiedene 

Grautöne gibt? Oder sollten wir nicht vielmehr davon ausgehen, dass die Häufigkeit und der 

Schweregrad psychischer Symptome über die gesamte Bandbreite der einzelnen Dimensionen 

hinweg kontinuierlich variieren, ohne dass es eine natürliche oder sinnvolle binäre Grenze 

zwischen dem Vorliegen einer psychischen Störung und dem Nichtvorliegen einer solchen 

gibt? Diese Fragen haben zu einer anhaltenden Debatte darüber geführt, ob psychische 

Störungen am besten anhand kategorischer oder dimensionaler Ansätze konzeptualisiert 

werden sollten – eine Debatte, die tiefgreifende Auswirkungen auf die klinische Praxis und die 

wissenschaftliche Forschung hat.  

Aufbauend auf dieser Debatte besteht das Hauptziel der vorliegenden Dissertation darin, 

einen qualitativ hochwertigen Beitrag für die Diagnose psychischer Störungen bei Kindern und 

Jugendlichen zu leisten. Nach der Entwicklung des DISYPS-ILF, eines umfassenden Sets 

klinischer Elterninterviews zur Diagnostik psychischer Störungen, liefert diese Dissertation 

eine umfassende psychometrische Evaluation des Interview-Leitfadens für externale Störungen 

(ILF-EXTERNAL). Der ILF-EXTERNAL deckt die diagnostischen Kriterien für 

Aufmerksamkeitsdefizit-/Hyperaktivitätsstörungen und Störungen des Sozialverhaltens ab. Ein 

großer Vorteil des ILF-EXTERNAL im Vergleich zu bestehenden klinischen Interviews ist, 

dass er sowohl eine kategoriale Beurteilung als auch eine dimensionale Charakterisierung 

ermöglicht und damit die Stärken beider diagnostischer Ansätze vereint. Die Daten (N = 474) 

für die vorliegenden Analysen stammen aus der multizentrischen Studie ESCAschool (Evidenz-

basierte, stufenweise Versorgung von ADHS bei Schulkindern). 

Die vorliegende Dissertation ist als kumulative Arbeit konzipiert und umfasst drei 

empirische Studien. In der ersten Studie (Thöne et al., 2020) werden die psychometrischen 

Eigenschaften des ILF-EXTERNAL untersucht. Insgesamt zeigt der ILF-EXTERNAL solide 

psychometrische Eigenschaften in Bezug auf Reliabilität und Validität. Darüber hinaus ist die 

diagnostische Übereinstimmung zwischen Kliniker*innen im Allgemeinen auf dimensionaler 

Ebene höher als bei kategorialen Diagnosen. Die zweite Studie (Thöne et al., 2021) evaluiert 

die faktorielle Struktur des ILF-EXTERNAL und testet systematisch die zugrundeliegenden 
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latenten Dimensionen externaler Symptome mittels konfirmatorischer Faktorenanalysen und 

explorativen Strukturgleichungsmodellen. Die Ergebnisse zeigen insbesondere, dass ein 

neuartiges Bifaktor S-1-Faktorenmodell eine statistisch solide Faktorenstruktur aufweist und 

eine sinnvolle Interpretation ermöglicht. Darüber hinaus zeigen die Ergebnisse der 

Messinvarianzanalysen bedeutsame Diskrepanzen zwischen den Informant*innen auf, d.h. 

verschiedene Informant*innen (d. h. Kliniker*innen, Eltern, Lehrer*innen) liefern einzigartige 

Perspektiven, wie sich das Verhalten von Kindern in verschiedenen Umgebungen 

unterscheidet, so wie in der Schule oder zu Hause. Die dritte Studie (Thöne et al., 2023) 

fokussiert sich auf die Symptomebene und verbessert das Verständnis dafür, wie einzelne 

Symptome in unterschiedlicher Weise mit psychischem Leidensdruck und funktionellen 

Beeinträchtigungen in Zusammenhang stehen. Insgesamt zeigen die Ergebnisse der 

multivariaten Regressionsanalysen, dass die Symptome in ihrem Zusammenhang mit der 

globalen Funktionsbeeinträchtigung sehr unterschiedlich sind. Darüber hinaus ergeben die 

Ergebnisse der Netzwerkanalysen im Vergleich zu faktorenanalytischen Verfahren eine 

nuanciertere und komplexere Perspektive auf die Zusammenhänge zwischen einzelnen 

Symptomen und Funktionsbeeinträchtigungen.  

Zusammenfassend zeigen die Ergebnisse dieser Dissertation, insbesondere der 

Vergleich von latenten Faktoren- und Netzwerkmodellen, dass es aus empirischer Sicht keine 

einfache oder umfassende Lösung für die kategoriale vs. dimensionale Debatte gibt. Sowohl 

der kategoriale als auch der dimensionale Ansatz haben je ihre Vorzüge, und die Kombination 

beider Ansätze kann dazu beitragen, die Schwächen des jeweils anderen zu kompensieren. 

Auch wenn diese Ergebnisse faszinierend sind, so stellen sie nur den Anfang der Reise dar, und 

es besteht weiterhin die Notwendigkeit, kategoriale und dimensionale Konzepte sowie die 

kürzlich vorgeschlagenen hybriden Systeme der Psychopathologie eingehender zu untersuchen. 

In Zukunft sollte der klinische Nutzen empirisch ermittelter Dimensionen, ihre klinischen 

Implikationen für die Auswahl geeigneter Behandlungen und adaptiver Interventionen sowie 

die systematische Erforschung der Ergebnisse für die Patient*innen bei der Anwendung 

dimensionaler statt kategorialer Maße der Psychopathologie weiter in den Mittelpunkt gerückt 

werden. 
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1 Introduction 

The classification of mental disorders distinguishes between categorical and dimensional 

concepts as two different approaches to understanding and describing psychopathology 

(Achenbach, 1966, 2020; Brown & Barlow, 2005; Clark et al., 2017; Coghill & Sonuga-Barke, 

2012; Döpfner, 2022; Döpfner & Lehmkuhl, 1997; Döpfner & Petermann, 2012; Kotov et al., 

2017; Krueger et al., 2018; Lahey et al., 2022). The two major clinical classification systems, 

the World Health Organization's International Classification of Mental Disorders (ICD) in its 

10th and 11th versions (World Health Organization, 1993, 2019) and the American Psychiatric 

Association's Diagnostic and Statistical Manual of Mental Disorders (DSM) in its 5th and 5th 

text revised versions (American Psychiatric Association, 2013, 2022), are committed to the 

categorical approach. According to the categorical approach, mental disorders can be regarded 

as distinct, independent, and categorical phenomena (Clark et al., 2017; Krueger et al., 2018; 

Krueger & Eaton, 2015). That is, with few exceptions, “the classification systems imply that a 

patient either meets the diagnostic threshold for a particular mental disorder or does not 

(categorical), the disorder does not overlap with other disorders (distinct), and therefore 

presence of the disorder should not necessarily be associated with a higher probability of 

having another disorder (independent)” (Krueger & Eaton, 2015, p. 27). Traditionally, the ICD 

and DSM were developed based on expert consensus among clinicians appointed to specific 

workgroups, while the more recent versions increasingly consider empirical research on the 

organization and nature of psychopathology (Clark et al., 2017; Coghill & Sonuga-Barke, 

2012). In categorical systems, the classification criteria for all mental disorders refer to the 

presentations of observable behaviors (signs) and internally experienced feelings and thoughts 

(symptoms), often additionally requiring that a certain threshold of a minimum of signs and 

symptoms from a list of several must be met (American Psychiatric Association, 2013; World 

Health Organization, 1993). Besides, a mental disorder is typically expected to be accompanied 

by clinically significant psychological distress or functional impairment (FI) in domains such 

as social, educational, or occupational functioning (Palermo et al., 2008; Spitzer & Wakefield, 

1999; Wakefield, 2007). Further diagnostic criteria regarding age of onset, duration and course 

of symptomatology, or exclusion criteria in the context of differential diagnostic assessment 

are usually specified as well (American Psychiatric Association, 2013; World Health 

Organization, 1993). According to the dimensional approach, in comparison, mental disorders 

are not all-or-none phenomena. Rather, mental disorders are continuously distributed along 

several dimensions which are graded in severity, ranging from absence to severe 

psychopathology (Clark et al., 2017; Coghill & Sonuga-Barke, 2012; Döpfner, 2022; Döpfner 
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& Petermann, 2012; Lahey et al., 2022). Indeed, meta-analyses of taxonomic research provide 

empirical support that most mental disorders are probably better described as continuously 

distributed dimensions rather than discrete disorder categories (Haslam et al., 2012, 2020).  

 

1.1 Advantages and disadvantages of categorical and dimensional concepts 

Few topics generate as much division among researchers and clinicians in our field as the 

debate over whether mental disorders should be conceptualized categorically or dimensionally 

(Achenbach, 2020; Brown & Barlow, 2005; Clark et al., 2017; Coghill & Sonuga-Barke, 2012). 

Both diagnostics concepts are associated with several advantages and disadvantages, which will 

now be briefly reviewed (Döpfner, 2022; Döpfner & Lehmkuhl, 1997; Döpfner & Petermann, 

2012; Kotov et al., 2017; Lahey et al., 2022). 

Thresholds: Categorical classification systems require determining cut-off values that 

allow individuals to be assigned to discrete diagnostic classes (Döpfner & Lehmkuhl, 1997; 

Döpfner & Petermann, 2012; Lahey et al., 2022). Accordingly, the categorical classification 

postulates a clear threshold, sometimes also a qualitative jump, between ‘health’ and ‘disorder’ 

of mental phenomena (Clark et al., 2017; Coghill & Sonuga-Barke, 2012; Döpfner & 

Petermann, 2012). For polythetically defined categories (e.g., attention-deficit/hyperactivity 

disorder [ADHD]), categorical classification systems specify a certain number of symptoms 

that must be met for a categorical diagnosis. This number was ultimately defined by expert 

consensus based on symptom prevalence rates in the population (e.g., Lahey et al., 1990). 

Recent research, however, highlights that additional external criteria, such as the degree of FI 

and psychological distress might be helpful in empirically determining thresholds (Arildskov 

et al., 2022; DuPaul, 2022). While the level of mental illness severity is a fundamental aspect, 

dimensionality itself does not seem to present conceptual difficulties (Clark et al., 2017; 

Döpfner, 2022; Döpfner & Petermann, 2012). For example, the intellectual ability continuum 

can be categorized into semi-arbitrary yet beneficial groupings encompassing severe 

intellectual disability to genius (Clark et al., 2017). Considering their multidimensional 

complexity, categorization of mental disorders is necessary for human understanding and 

communication, as well as for clinical decision making (Clark et al., 2017). Until further 

research proves otherwise, all thresholds for mental disorders should be considered arbitrary 

and discrete categories can thus be understood as simplifications of the underlying dimensions 

(Clark et al., 2017; Döpfner, 2022; Döpfner & Petermann, 2012). 

Comorbidity: Co-occurring mental disorders, often referred to as comorbidity, is the 

rule rather than an exception (Angold et al., 1999; Caron & Rutter, 1991; Caspi et al., 2014; 
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Kessler et al., 2005). As shown by the National Comorbidity Survey, nearly half of individuals 

who received mental disorder diagnosis in the past 12 months received two (22%) or three and 

more (23%) diagnoses (Kessler et al., 2005). In terms of lifetime prevalence, around 50% of 

individuals were diagnosed with at least one mental disorder. Additionally, more than half of 

all lifetime disorders were diagnosed among the 14% of the population who have three or more 

comorbid disorders (Kessler et al., 1994). These rates of comorbidity are far above what we 

would expect by chance, that is, if the disorders were independent and distinct from each other 

(Boyd et al., 1984). From a nosological perspective, these high rates of comorbidity may be an 

indicator of an imperfect classification system and not exclusively, but at least partly, due to 

overlapping diagnostic criteria, arbitrary subdivisions of syndromes, one disorder serving as an 

early manifestation another, or one disorder being part of the other (Angold et al., 1999; 

Beauchaine & McNulty, 2013; Caron & Rutter, 1991; Clark et al., 2017; Krueger & Markon, 

2006; Rouquette et al., 2018). Dimensional systems, in comparison, emphasize that all 

dimensions of psychopathology are positively associated with each other to varying degrees, 

and that the patterns of associations are as meaningful as the dimensions themselves (Krueger 

& Markon, 2006; Lahey et al., 2017, 2021).  

Lack of diagnostic agreement: Another concern lies in the low to moderate agreement 

between clinicians on categorical diagnoses (Chmielewski et al., 2015; Markon et al., 2011; 

Regier et al., 2013). In the DSM-5 field trials, it was found that approximately 40% of the adult 

DSM-5 diagnoses analyzed did not meet the conventional cut-off criteria for acceptable 

interrater agreement (Chmielewski et al., 2015; Regier et al., 2013), although these disorders 

often demonstrated good to excellent reliability when considered dimensionally (Markon et al., 

2011). One possible explanation for these findings is that applying a categorical classification 

system to phenomena that are continuously distributed can result in a significant loss of 

information and diagnostic instability because symptoms may fall just above or below the 

clinical threshold, thereby affecting the consistency of the diagnosis (Lahey et al., 2022; 

Markon et al., 2011). 

Information from categorical vs. dimensional systems: One major advantage of 

dimensional classification systems is that they allow to identify individuals who experience 

mental health problems that fall just below the diagnostic threshold, but who have significant 

psychological distress or FI and are at a higher risk for meeting full diagnostic criteria for the 

disorder as time unfolds (Balázs et al., 2013; Balázs & Keresztény, 2014; see also Lahey et al., 

2022). Interestingly, many patients seek help primarily due to their psychological distress or FI 

and not because of the mere presence of symptoms (Epstein & Weiss, 2012). Therefore, a 
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dimensional approach may be more comprehensive and facilitate the selection of stepwise-

intensifying treatment interventions based on individual symptom severity (Lahey et al., 2021, 

2022). 

Number and kind of dimensions: Although dimensional classification systems have 

gained considerable empirical support (Achenbach, 2020; Kotov et al., 2017, 2021, 2022; 

Krueger et al., 2018), there is yet no universal agreement regarding the number and kind of 

dimensions. Lahey and colleagues (2021) concede that “we are hampered by the current 

absence of a comprehensive dimensional measure of psychopathology that includes all 

symptoms” (p. 57) and suggests that “we cannot comprehensively define the dimensions of 

psychopathology until we can study all of the symptoms that define the universe of 

psychopathology at the same time and in the same way” (p. 57). This desire for a universal 

dimensional classification system seems challenging at best, as it presupposes that the same 

measure of ‘all symptoms’ would be generalizable across ages, genders, raters, cultures and so 

forth (Achenbach, 2021). While the DSM, with its extensive list of over 200 diagnostic 

categories, may be excessively specific, the question remains as to which dimensions can be 

validly distinguished in psychopathology (Hartman, 2021). 

Course features and etiology: Compared to categorical classification, dimensional 

systems do not incorporate course features such as age of onset, number of episodes, duration, 

and the progression of symptomatology, but instead their focus is on capturing trajectory 

features such as the average level of symptoms, variability over time, patterns of symptom 

cascaded, sensitivity to triggers, and response to treatments (Kotov et al., 2022). Also, 

dimensional systems do not contain assumptions about etiology. According to proponents of 

the dimensional approach, this was “a deliberate decision, given limited understanding of 

mental disorders’ etiology and difficulties in linking patient’s symptoms to specific causes, such 

as dysphoria to trauma or psychosis to substance use” (Kotov et al., 2022, p. 1674). When the 

underlying causes of symptoms are evident, including descriptions of these contributing factors 

may serve as a valuable addition to dimensional symptom profiles (Kotov et al., 2022).  

Overall, while the debate over whether a mental disorder represents the endpoint of a 

continuous dimension of psychological problems rather than a discrete category distinct from 

‘normality’ and other mental disorders remains open, so too does the question of under what 

conditions psychopathology can be more usefully be considered a category or a dimension 

(Clark et al., 2017; Coghill & Sonuga-Barke, 2012; Döpfner & Petermann, 2012; Andrew 

Pickles & Angold, 2003). Combining both systems may help to compensate for the 

shortcomings of the other approach (Clark et al., 2017; Döpfner, 2022; Döpfner & Petermann, 
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2012; Kraemer et al., 2004). For this purpose, various dimensional assessment instruments are 

already available.  

 

1.2 Dimensional assessment instruments of child and adolescent psychopathology 

Several comprehensive dimensional classification systems have been developed based 

on patients' self-reports and proxy-reports by caregivers (e.g., parents, teachers) using 

questionnaire procedures, two of which will be presented as examples: The Achenbach System 

of Empirically Based Assessment (ASEBA), which has been most widely used worldwide 

(Achenbach & Rescorla, 2000, 2001, 2003) and the Diagnostic System for Mental Disorders in 

Children and Adolescents based on the ICD-10 and DSM-5 (Diagnostik-System für Psychische 

Störungen im Kindes- und Jugendalter nach ICD-10 und DSM-5; DISYPS-III), which is widely 

used in German-speaking countries (Döpfner & Görtz-Dorten, 2017; Görtz-Dorten et al., 2022).  

 

1.2.1 Achenbach System of Empirically Based Assessment (ASEBA) 

The ASEBA is the most comprehensive system on which an evidence-based 

dimensional classification of mental disorders in childhood and adolescence has been built 

(Achenbach, 2020; Achenbach et al., 2008; Achenbach & Rescorla, 2000, 2001, 2003) and it 

has been adapted and reviewed for the German-speaking countries by the German Child 

Behavior Checklist working group (Döpfner et al., 2014; Plück et al., 2020). There are several 

broadband questionnaires available which assess behavioral problems, emotional problems, 

and somatic complaints of children and adolescents from the age of 1.5-18 years rated by 

parents and caregivers/teachers and from the age of 11 years rated by adolescents themselves. 

The school-age forms of the Child Behavior Checklist (Achenbach & Rescorla, 2001; Döpfner 

et al., 2014), which include the Parent’s Report Form on Child and Adolescent Behavior 

(CBCL/6-18R), the Teacher’s Report Form on Child and Adolescent Behavior (TRF/6-18R), 

and the Youth Self-Report Form (YSR/11-18R), form the core of this dimensional assessment 

system. Through multivariate statistics (e.g., factor analytic techniques), Achenbach and 

colleagues identified patterns of co-variation between signs and symptoms and formed eight 

syndrome scales and two higher-order broadband scales, namely, the Internalizing Problems 

and Externalizing Problems and an additional Total Problems scale. This dimensional structure 

of school-age forms has been widely confirmed across cultures in national and international 

studies of representative field samples (Döpfner et al., 2014; Ivanova et al., 2019; Ivanova, 

Achenbach, Dumenci, et al., 2007; Ivanova, Achenbach, Rescorla, Dumenci, Almqvist, 

Bathiche, et al., 2007; Ivanova, Achenbach, Rescorla, Dumenci, Almqvist, Bilenberg, et al., 
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2007; Rescorla et al., 2007, 2012). For preschool age, similar dimensions could be identified 

and replicated across cultures (Ivanova et al., 2010, 2011; Plück et al., 2020). Notably, such 

‘bottom-up’ paradigms prioritize the utilization of empirical data as the foundation for 

conceptualizations of psychopathology (Achenbach, 1966, 2020). 

 

1.2.2 Diagnostic System for Mental Disorders in Children and Adolescents based on the ICD-

10 and DSM-5 (DISYPS-III) 

Most dimensional classification systems are based on questionnaires completed by 

parents, caregivers/teachers, or adolescents themselves. One of the few exceptions is the 

DISYPS, a comprehensive diagnostic system widely used in German-speaking countries that 

additionally includes clinical judgment (Döpfner & Görtz-Dorten, 2017; Görtz-Dorten et al., 

2022). The DISYPS-III is a psychometrically sound diagnostic system for assessing mental 

disorders in children and adolescents according to ICD-10 and DSM-5 diagnostic criteria 

(Döpfner & Görtz-Dorten, 2017). The DISYPS systematically combines the assessment of 

three different rater perspectives. More specifically, parents, teachers, or other caregivers can 

complete proxy-rating forms (Fremdbeurteilungsbogen; FBB). Likewise, children and 

adolescents aged 11;0-17;11 years can assess themselves using the self-report form 

(Selbstbeurteilungsbogen; SBB). Clinicians can form their own clinical judgment using 

diagnostic checklists (Diagnose-Checklisten; DCL) or the newly developed semi-structured 

clinical interviews (Interview-Leitfäden; ILF), which are presented in more detail in Chapter 

1.8. Besides symptomatology, the DISYPS assesses psychological distress and FI in the 

domains of academic performance, home life and family members, relationships with adults, 

as well as relationships with children and recreational activities. Notably, the DISYPS can be 

used to create both categorical diagnoses and dimensional symptom profiles via clinical 

judgments based on clinical explorations (DCL) or clinical interviews (ILF). A further 

distinguishing characteristic of the DISYPS is that all diagnostic instruments within a specific 

mental disorder domain consist of mostly identical items and share identical diagnostic scales. 

This design enables a systematic comparison of different perspectives from raters in a multi-

informant approach (Döpfner & Petermann, 2012).  

 

1.3 Multi-informant approach in the assessment of child and adolescent mental 

disorders 

While adults themselves are usually the main informants for assessment data in adult 

mental health services, parents and other caregivers (e.g., teachers) are the main informants for 
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data in child and adolescent assessment (Achenbach, 2020; De Los Reyes et al., 2023). More 

than 30 years ago, Achenbach and colleagues (1987) conducted the first meta-analysis on the 

agreement of different informants in diagnosing mental disorders in children. Their findings 

revealed that the “mean rs were .60 between similar informants (e.g., pairs of parents), .28 

between different types of informants (e.g., parent/teacher), and .22 between subjects and other 

informants” (Achenbach et al., 1987, p. 213). Successive meta-analyses have consistently 

shown similar disparities across informants in the assessment of child psychopathology (De 

Los Reyes et al., 2015, 2019). As a result, it became evident that no single informant could fully 

capture the important variations in how children function across different interaction partners 

and contexts, such as the home or school environment (Achenbach, 2020; De Los Reyes, 2011; 

De Los Reyes et al., 2013, 2023; Dirks et al., 2012; see also Thöne et al., 2021). Initially, it was 

postulated that these informant discrepancies were indicative of measurement error, invalidity, 

or rater bias (e.g., Roberts & Caspi, 2001), extensive theoretical and empirical work, along with 

ongoing discussions regarding optimal approaches to mental health assessment indicate that the 

significance of utilizing multi-informant assessments stems from their ability to capture distinct 

viewpoints offered by the reports of each informant (De Los Reyes, 2011; De Los Reyes et al., 

2013, 2023; Dirks et al., 2012; Hunsley & Mash, 2007; Thöne et al., 2021, 2022). Above all, in 

their editorial statement, over 70 leading experts on informant discrepancies present a set of 

guidelines and future research directions that focus on the most common findings of multi-

informant mental health assessments (De Los Reyes et al., 2023). Overall, a consensus among 

experts has emerged that discrepancies across informants ought to be “embrace[d], not 

erase[d]” (Dirks et al., 2012, p. 558).  

 

1.4 Hierarchical systems of categorical and dimensional classification 

As summarized above, the dimensional classification systems described so far are each 

based on a group of assessment instruments developed according to similar principles. In recent 

years, hierarchical categorical-dimensional systems have also been proposed which share a 

common structure across a variety of assessment instruments (Caspi et al., 2014; Caspi & 

Moffitt, 2018; Kotov et al., 2017; Krueger et al., 2018; Lahey et al., 2012, 2017, 2018; Martel, 

Pan, et al., 2017). One prominent example is the development of the Hierarchical Taxonomy 

of Psychopathology (HiTOP) by a large international consortium led by Kotov and colleagues 

(2017, 2021, 2022), whose goal is to develop an overarching evidence-based dimensional 

classification system. The HiTOP system is a collaborative effort among nosologists from 

various mental health disciplines aimed at enhancing the description, organization, and 
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measurement of psychopathology across the life span. The main goals of this consortium are 

twofold: (a) to gather data that can improve and refine the HiTOP system, and (b) to disseminate 

the resulting information to researchers and clinicians (Conway et al., 2019, 2021; Kotov et al., 

2017, 2021, 2022; Krueger et al., 2018; Ruggero et al., 2019). This system, still under 

development, outlines six hierarchical layers, extending from super spectra at the highest level 

to symptoms at the lowest level (Kotov et al., 2022): “Super spectra are higher-order 

dimensions, assumed to influence all spectra on the layer below. The HiTOP specifies six 

spectra (e.g. antagonistic externalizing), an array of subfactors (e.g. antisocial behavior), 

syndromes and disorders (e.g. conduct disorder [CD]), which are used synonymously with 

DSM-5 diagnoses at this point to facilitate communication, components (e.g. maladaptive 

traits) and symptoms (e.g. physical aggression) on the lowest level” (Thöne et al., 2022, p. 

845). Ultimately, the HiTOP consortium aims to improve the classification of psychopathology 

beyond the traditional ICD and DSM-based diagnostic systems (Kotov et al., 2022). 

In recent times, there has been a significant focus on the highest level of the hierarchical 

structure, resulting in the exploration of a general factor of psychopathology known as the p-

factor (Caspi et al., 2014; Caspi & Moffitt, 2018; Lahey et al., 2012, 2017, 2018; Martel, Pan, 

et al., 2017). Analogous to the general intelligence factor, the p-factor may reflect low to high 

severity of psychopathology (Caspi & Moffitt, 2018). The search for a p-factor was spurred by 

research showing that even Achenbach’s higher-order externalizing and internalizing 

dimensions overlapped to a considerable degree (r ≈ .50; see Achenbach, 2020; Achenbach et 

al., 2016; Krueger, 1999; Krueger et al., 1998; Krueger & Markon, 2006) and that a third higher-

order dimension, psychotic experiences, could be identified in adult populations (Keyes et al., 

2013; Wright et al., 2013). The notion is that this single dimension, the p-factor, might 

encompass shared characteristics among all mental disorders observed in clinical and 

community samples across various age groups (Caspi et al., 2014; Caspi & Moffitt, 2018; Lahey 

et al., 2012, 2017, 2018; Martel, Pan, et al., 2017). While the exact nature of the p-factor have 

not yet been comprehensively evaluated (Fried, 2020; van Bork et al., 2017; Watts et al., 2020), 

it was suggested that it may represent neuroticism or negative emotionality (e.g., Lahey et al., 

2017), poor impulse control over emotions (e.g., Carver et al., 2017), or disordered thought 

processes (e.g., Caspi et al., 2014). From a clinical perspective, searching for a p-factor of 

psychopathology seems intriguing, since it may provide an explanation why transdiagnostic 

therapies are being tested with notable successes (Meier & Meier, 2018; Newby et al., 2015). 
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1.5 Latent factor models of psychopathology 

Traditionally, latent factor models have been applied to characterize the simultaneous 

presence of signs and symptoms within specific disorders, as well as the interrelationships 

among diagnostic entities (Achenbach, 1966; Eaton, 2015; Krueger, 1999; Krueger et al., 1998; 

Krueger & Markon, 2006). Put simply, “the key notion underlying factor analytic models is 

that some variables of theoretical interest cannot be observed directly; these unobserved 

variables are termed latent variables or factors. Although latent variables cannot be measured 

directly, information related to them can be obtained indirectly by noting their effects on 

observed variables believed to represent them” (Byrne, 2005, p. 17). Although there is a variety 

of multivariate factor analyses for modeling and investigating the factor structures of constructs, 

the field of psychological research has predominantly relied on exploratory factor analysis 

(EFA) and confirmatory factor analysis (CFA) as preferred methods (Byrne, 2005; Marsh et 

al., 2014). EFA represents primarily a hypothesis-generating method, which seems particularly 

suitable “when links between the observed variables and their underlying factors are unknown 

or uncertain” (Byrne, 2005, p. 17). In comparison, CFA represents a hypothesis-testing 

method, which is appropriate when researchers possess some prior knowledge or assumptions 

regarding the underlying latent variable structure (Byrne, 2005). Although CFA is widely used 

to assess the dimensional structure of psychopathology (Ringwald et al., 2023), it is not without 

limitations (cf. Thöne et al., 2021). From a conceptual perspective, CFA models are often 

criticized for being overly idealistic, simplistic, restrictive, since they assume the existence of 

‘pure factors’, where variables only load onto a single predetermined latent factor, and cross-

loadings are restricted to zero (Marsh et al., 2014; Morin et al., 2016). Considering that most 

variables are associated with multiple conceptually related latent factors, it is reasonable to 

expect some level of construct-relevant psychometric multidimensionality among the variables 

(Morin et al., 2016). For these reasons, exploratory structural equation modeling (ESEM) has 

been designed (Marsh et al., 2014; Morin et al., 2016). ESEM combines the strengths of EFA, 

which allows for cross-loadings, and CFA, which enables a priori model specification and 

assessment of goodness-of-fit indices (e.g., Thöne et al., 2021). When latent variable modeling 

approaches are applied to diagnostic data, they provide insights into latent factors that account 

for the observed connections among different dimensions of mental disorders (Carragher et al., 

2015; Caspi & Moffitt, 2018; Eaton, 2015; Forbes, Sunderland, et al., 2021; Thöne et al., 2021). 

Latent factor models encompass a variety of types, each carrying its own advantages 

and disadvantages while providing distinct information that can effectively address different 

research questions (Brunner et al., 2012; Byrne, 2005; Lahey et al., 2021; Pettersson et al., 
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2021; see also Thöne et al., 2021, 2022). The following is a brief outline of the factor models 

also used in this dissertation (see Study 2; Thöne et al., 2021), which are employed frequently, 

primarily focusing on investigating the interrelationships between dimensions of mental 

disorders (Figure 1). First-order correlated factor models offer a good starting point and provide 

initial insights into the mutual associations between latent constructs (Figure 1a; Eid, 2020). 

High correlations between the factors indicate that the first-order correlated factor model 

remains an incomplete model, as it does not account for the associations between dimensions 

(Brunner et al., 2012). In this case, a unidimensional model, reflecting that a single factor 

explains the variance across all observed variables, may capture the shared associations better 

than separate factors (Figure 1b). Alternatively, higher-order models or bifactor models can be 

applied, which assume some sort of overarching factor. In a higher-order factor model, the 

second-order factor (e.g., externalizing factor) signifies the variance that is common or shared 

between the first-order factors (e.g., ADHD, CD, ODD; Figure 1c). On the other hand, 

traditional bifactor models present an alternative perspective, positing a single common liability 

known as the g-factor, which accounts for the variance observed in all variable scores. 

Furthermore, these models incorporate a group of independent specific factors known as s-

factors, which specifically impact a smaller subset of symptoms and disorders (Figure 1d). The 

term ‘bifactor model’ originated from intelligence research, where it proposed the existence of 

a general factor (g) shared by all items on a test, alongside specific factors that are common to 

a smaller subset of related items, representing independent cognitive modules (Caspi & Moffitt, 

2018). The underlying concept behind bifactor models is that “only with the general factor 

variance removed can we have a clear window into the remaining covariance patterns among 

the symptoms in our measure. Only with specific measures unconfounded by the general factor 

can we have a clear window into the etiological or prognostic associations” (Hartman, 2021, 

p. 72). Importantly, there is a critical difference regarding the interpretation of the specific 

factors in hierarchical and bifactor models: “lower-order factors in the hierarchical model 

represent the dimensionality of psychopathology within the general factor, while the specific 

factors in the bifactor model represent this dimensionality beyond the general factor” 

(Hartman, 2021, p. 72). However, traditional bifactor models have faced theoretical and 

empirical concerns (Arias et al., 2018; Bonifay et al., 2017; Burns et al., 2020a; Eid, 2020; Eid 

et al., 2017; Heinrich et al., 2020, 2021; Reise, 2012; Thöne et al., 2022; Watts et al., 2019), 

leading to the development of bifactor S-1 models as an alternative (see also Chapter 6). 

Bifactor S-1 models define one first-order factor as the general reference factor (Figure 1e), 

enabling comparability of g-factors across studies. The remaining specific factors are 



18 
 

understood as residual factors, encompassing the true score variance that is not explained by 

the general reference factor (Burns et al., 2020a; Eid et al., 2017). The choice of a general 

reference factor should be based on theoretical principles or align with a specific facet of 

interest (Eid, 2020). As becomes clear, the appeal of latent factor analysis lies in its fundamental 

assumptions, suggesting that, comparable to medical conditions, there may exist a discernible 

cause that manifests as a set of symptoms. This perspective implies that identifying the 

underlying cause would aid in accurate diagnosis and treatment (Kotov et al., 2017). 

 

Figure 1  

Schematic illustrations to reflect on the positive statistical associations between mental 

disorders 

 

1.6 A network approach to psychopathology 

In recent years, there has been significant progress in the field of network analysis, 

offering an alternative perspective to understand the patterns of covariation among symptoms 

or mental disorders, depending on the specific network model employed (Borsboom, 2008; 

Borsboom et al., 2011; Borsboom & Cramer, 2013; Cramer et al., 2010). Advocates of the 

network approach contend that traditional psychology has primarily embraced a latent variable 

framework, in which “a mental disorder is viewed as a latent variable that causes a 

a) Correlated factors model b) Unidimensional model

c) Hierarchical model d) Bifactor model

e) Bifactor S-1 model
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constellation of symptoms” (Cramer et al., 2010, p. 137). In contrast, the network perspective 

shifts the focus towards individual symptoms as the primary units of analysis, considering 

mental disorders as networks consisting of interconnected symptoms (Borsboom, 2008, 2017; 

Borsboom & Cramer, 2013). Graphical representations of the networks can display the 

associations between symptoms (Figure 2). Each psychometric network generally consists of 

circular nodes representing the symptoms being analyzed and linear edges representing a 

pairwise statistical association between each pair of nodes (Epskamp et al., 2018). As illustrated 

in Figure 2, edges can be either unweighted or weighted (i.e., the width of the edge reflects the 

strength of the relationship), undirected or directed (i.e., indicated by a line or by an arrow), 

and positive or negative (i.e., typically indicated by red or blue colors). Network models can 

incorporate not only symptoms but also other components like risk factors or FI domains to 

examine their associations with individual symptoms. This intuitive interpretation is further 

facilitated by the Fruchterman and Reingold algorithm, which is used in many psychometric 

networks, in which strongly related symptoms tend to be attracted to each other (i.e., cluster 

together) and symptoms with weaker relations tend to oppose each other (i.e., be positioned at 

the edges of the network). Thus, the network approach aims to comprehend mental disorders 

by emphasizing the relationships between symptoms, without relying on latent factors 

(Borsboom & Cramer, 2013; see also Junghänel et al., 2023). For instance, feeling tired may 

lead to evening rumination, which in turn can impair concentration. The collective presence of 

these symptoms and their interconnectedness is what is currently referred to as depression (cf. 

Junghänel et al., 2023). This example exemplifies the fundamental principle of network models, 

which posits that symptoms have direct causal influences on each other's occurrence (Borsboom 

& Cramer, 2013; van Bork et al., 2017). Within this context, symptoms are regarded as “active 

agents in networks of interacting components rather than passive indicators of latent 

variables” (van Bork et al., 2017, p. 767).  
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Figure 2 

Different types of psychometric networks 

 

Network theory holds substantial consequences for how we understand the diagnosis 

and treatment of mental disorders, as highlighted by Borsboom (2017). One such implication 

is the recognition of central (i.e., important) symptoms that have a strong influence on activating 

other symptoms or clusters within a network associated with a particular mental disorder (e.g., 

Junghänel et al., 2023). Targeting these central symptoms in therapeutic interventions may offer 

effective treatment strategies (Borsboom, 2017). Moreover, the individualized nature of 

network configurations aligns well with the concept of personalized treatment approaches 

(Borsboom, 2017). Accordingly, the principles of network theory also converge with the 

rationale behind cognitive-behavioral interventions (Borsboom, 2017). Cognitive-behavioral 

therapy, for instance, aims to modify dysfunctional cognitions (e.g., rumination) in order to 

bring about behavioral changes (e.g., withdrawal), reflecting the underlying principles of 

network theory (Borsboom, 2017). 

Next, network analysis provides a fresh view on comorbidity, wherein symptoms shared 

by two disorders, such as sleep disturbances or difficulties to concentrate observed in both 

depression and general anxiety disorders, may simultaneously activate the networks associated 

with these co-occurring disorders (Borsboom, 2017; Cramer et al., 2010; Junghänel et al., 

2023). Consequently, instead of perceiving comorbidity as a byproduct of a flawed diagnostic 

system caused by overlapping criteria (see also Chapter 1.1), network theory suggests that 

“comorbidity is an intrinsic feature of mental disorders” (Borsboom, 2017, p. 7) and that 

“comorbidity should be seen as part of the flesh and bones of psychopathology” (Borsboom, 

2017, p. 8). In addition to exploring comorbidity, network analysis holds promise in addressing 

various other research inquiries at the symptom level, including the examination of associations 

b) Undirected and weighted

d) Directed and weighted

a) Undirected and unweighted

c) Directed and unweighted
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between symptoms and FI (Burns et al., 2022; Goh et al., 2020; Goh, Martel, et al., 2021). As 

previously stated, the diagnosis of mental disorders not only relies on the presence of symptoms 

with a specific frequency and severity but also takes into account the presence of FI or 

psychological distress (Palermo et al., 2008; Spitzer & Wakefield, 1999; Wakefield, 2007). FI 

encompasses a broad range of domains and can be defined as “the extent of restriction in a 

child’s ability to perform important daily life activities including physical, social, and personal 

activities due to their health condition or to specific symptoms” (Palermo et al., 2008, p. 984). 

Although symptoms and FI are often interconnected, it is important to recognize that they are 

distinct constructs. In other words, the severity of symptoms does not necessarily correspond 

to higher levels of FI (Arildskov et al., 2022; Palermo et al., 2008; Rapee et al., 2012). Previous 

research has predominantly focused on examining the relationship between FI and 

symptomatology at the scale level (e.g., ADHD Inattention; Garner et al., 2013; Willcutt et al., 

2012; Zoromski et al., 2015). However, only a limited number of studies have employed 

network analysis to delve into the individual connections between symptoms and various 

domains of FI, providing a more detailed understanding at the symptom level (Burns et al., 

2022; Goh et al., 2020; Goh, Martel, et al., 2021; Thöne et al., 2023). Consequently, there is 

still a significant clinical research gap in investigating whether specific symptoms exert more 

substantial impairments compared to others. This inquiry is crucial due to the significant 

diversity in symptoms encountered by patients (Mota & Schachar, 2000; Zoromski et al., 2015). 

Overall, latent factor models and the network approach to conceptualizing 

psychopathology are often presented in the scientific literature as a kind of dispute, with 

researchers from one camp challenging the methodology of the other (reviewed by Eaton, 2015; 

McNally, 2021). While some researchers enthusiastically embrace the novelty and potential of 

network models (see Contreras et al., 2019), others express skepticism regarding the 

replicability and reliability of network findings (Forbes et al., 2017a, 2019; Forbes, Wright, et 

al., 2021b). The strengths and limitations of both approaches are discussed in more detail in the 

Discussion section (Chapter 6), along with a proposed roadmap for future research. 

 

1.7 Structured clinical interviews for child and adolescent mental disorders 

As described in Chapter 1.2, clinical judgment provides an important rater perspective 

in the context of multi-informant assessment (Döpfner & Petermann, 2012). For this purpose, 

structured clinical interviews have been developed, which allow a systematic assessment of the 

diagnostic criteria (Frick et al., 2010; Leffler et al., 2015; Segal & Williams, 2014). The 

following outline of structured clinical interviews builds on the work by Thöne et al. (2020). 
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Structured clinical interviews are widely regarded as a gold standard for determining the 

presence of mental disorders in clinical settings (Hoyer & Knappe, 2012; Rettew et al., 2009), 

since they enhance the accuracy and reliability of diagnostic outcomes (Frick et al., 2010; 

Leffler et al., 2015; Segal & Williams, 2014). Regarding their structural characteristics, these 

interviews can be categorized into unstructured, semi-structured, and highly structured. 

Interviews characterized by a high degree of structure typically follow a categorical approach, 

since their aim is to establish categorical diagnoses (Frick et al., 2010; Leffler et al., 2015; Segal 

& Williams, 2014). Such interviews require minimal training but impose constraints on the 

interviewer's ability to thoroughly explore the patient's symptomatology. In most cases, closed-

ended questions are used, allowing for a dichotomous assessment where clinical symptoms are 

categorized as either absent or present (Frick et al., 2010; Leffler et al., 2015; Segal & Williams, 

2014). Examples of highly structured clinical interviews for the assessment in childhood and 

adolescence include the Mini-International Neuropsychiatric Interview for Children and 

Adolescents (Mini-KID; Sheehan et al., 2010), the NIMH Diagnostic Interview Schedule for 

Children Version IV (NIMH DISC-IV; Shaffer et al., 2000), and the Children’s Interview for 

Psychiatric Syndromes which consists of separate versions for children (ChIPS; Weller et al., 

1999b) and parents (P-ChIPS; Weller et al., 1999a). As reviewed by Leffler and colleagues 

(2015), structured interviews exhibit strong interrater reliability and satisfactory validity when 

utilized in clinical and community settings. However, these outcomes may be influenced by the 

high level of structure, which restricts interviewers' ability to form independent clinical 

judgments (Leffler et al., 2015; Segal & Williams, 2014). In contrast, semi-structured 

interviews offer greater flexibility by allowing for the exploration of symptoms, reasoned 

judgments, and the use of Likert scales for scoring responses. While this format necessitates 

more extensive training, it enables a dimensional approach that considers symptom severity 

(Döpfner & Petermann, 2012; Frick et al., 2010; Leffler et al., 2015). Examples of semi-

structured clinical interviews for assessing children and adolescents include the Schedule for 

Affective Disorders and Schizophrenia for School Aged Children (K-SADS; Kaufman et al., 

1997), the Child and Adolescent Psychiatric Assessment (CAPA; Angold & Costello, 2000), 

and the Diagnostic Interview for Children and Adolescents (DICA; Reich, 2000). Overall, semi-

structured interviews demonstrate robust psychometric properties in terms of their reliability 

and validity in both clinical and community settings (reviewed by Leffler et al., 2015). 

Diagnostic agreement was generally satisfactory to good for most diagnoses (Leffler et al., 

2015), but lower for some diagnoses, such as conduct disorder (CD; kappa = .50; Angold & 

Costello, 1995). One example of a semi-structured interview following a dimensional approach 
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is the Semistructured Clinical Interview for Children and Adolescents (SCICA; McConaughy 

& Achenbach, 2001). The SCICA covers a wide range of behavioral and emotional problems 

based on the internalizing-externalizing model introduced by Achenbach (1966). The SCICA 

demonstrates acceptable internal consistencies for all scales, except for Anxious and Family 

Problems (α < .70; cf. Nunnally, 1978) and acceptable interrater reliability for the Internalizing 

(r = .66) and Externalizing scales (r = .74) in an outpatient Dutch sample (N = 185; Kasius, 

1997). Since the SCICA provides empirically based syndromes, similar to the other instruments 

of the ASEBA system, this transdiagnostic interview does not adhere to the formulations of the 

ICD or DSM diagnostic criteria. 

Considering the dynamic conceptualizations of psychopathology, there is an urgent 

need for clinical interviews that align with these changing requirements (cf. Thöne et al., 2020). 

One such evolving aspect pertains to state-of-the-art assessment tools needing the flexibility to 

determine categorical diagnoses while also establishing dimensional symptom profiles (e.g., 

Döpfner, 2022). Moreover, since clinical interviews are primarily conducted to determine a 

diagnosis, they should systematically assess diagnostic criteria according to the DSM or ICD 

systems. 

 

1.8 Development and description of the clinical parent interviews DISYPS-ILF  

To meet these changing needs, the Clinical Parent Interviews According to the DSM-5 

Diagnostic System of Mental Disorders for Children and Adolescents (Interview-Leitfäden zum 

Diagnostik-System für psychische Störungen nach DSM-5 für Kinder und Jugendliche; 

DISYPS-ILF) were developed (Görtz-Dorten et al., 2022). The DISYPS-ILF are semi-

structured diagnostic interviews covering a broad spectrum of current mental disorders in 

children and adolescents according to DSM-5 criteria. These interviews are a further product 

of the DISYPS and allow for a more structured exploration and assessment of diagnostic criteria 

in addition to the clinical exploration using the DCL from the DISYPS-III (see Chapter 1.2.2). 

The DISYPS-ILF can be conducted with caregivers (parents, educators, teachers) and with 

patients themselves from the age of eight. Overall, the following clinical interviews are 

available: Interview for Externalizing Disorders (Interview-Leitfaden für Externale Störungen; 

ILF-EXTERNAL), Interview for Internalizing Disorders (Interview-Leitfaden für Internale 

Störungen; ILF-INTERNAL), Interview for Obsessive-Compulsive and Tic Disorders 

(Interview-Leitfaden für Zwangs- und Tic-Störungen; ILF-ZWANG/TIC), Interview for 

Contact Disorders (Interview-Leitfaden für Kontakt-Störungen; ILF-KONTAKT). In addition, 

the Interview for Screening of Mental Disorders (Interview-Leitfaden zum Screening 
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psychischer Störungen; ILF-SCREEN) provides guidance for a wide range of mental health 

problems.  

A noteworthy and distinctive aspect of the DISYPS-ILF is that both the clinical 

interviews and the report forms for parents, teachers/caregivers, and patients align with the 

DISYPS-III (Döpfner & Görtz-Dorten, 2017) and utilize the same diagnostic scales (cf. Thöne 

et al., 2020). This allows for a direct comparison of ratings between parents, 

teachers/caregivers, and patients with clinical assessments (cf. Thöne et al., 2020). Within the 

scope of this dissertation, the ILF-EXTERNAL was psychometrically evaluated and will 

therefore be briefly presented below.  

 

1.8.1 DISYPS ILF-EXTERNAL 

As outlined by Thöne et al. (2020), the ILF-EXTERNAL comprises a series of items, 

each assessing a symptom criterion based on the DSM-5. Clinicians assess each item utilizing 

a 4-point Likert scale, spanning from 0 (representing 'age-typical / not at all') to 3 (indicating 

'very much'), where higher scores signify increased severity of symptoms. To assist clinicians 

in their judgment, a brief description of symptom severity is included for each score. 

Furthermore, for each item, an illustrative sentence is provided that exemplifies a child's 

behavior corresponding to a rating of 3. Item scores of 2 or higher are considered clinically 

relevant and indicative of meeting DSM-5 symptom criteria (cf. Thöne et al., 2020). 

One notable advantage of the DISYPS-ILF is their ability to facilitate both categorical 

and dimensional assessments. From a categorical perspective, the ILF-EXTERNAL covers 

several DSM-5 diagnoses (including associated ICD-10 codes), including ADHD with its 

subtypes (‘combined type’, ‘predominantly inattentive type’, and ‘predominantly hyperactive-

impulsive type’), oppositional defiant disorder (ODD), disruptive mood dysregulation disorder 

(DMDD), and CD with the specifier of limited prosocial emotions (cf. Thöne et al., 2020). 

Alternatively, from a dimensional approach, the corresponding scale scores can be calculated 

by averaging the item scores associated with each diagnosis, providing additional information 

on the severity level. 

 

1.9 Interim summary 

In summary, the literature reveals six main findings: (1) Dimensional models of 

psychopathology challenge existing categorical diagnostic systems and offer a potentially more 

accurate and parsimonious representation of mental disorders. (2) Incorporating input from 

multiple sources is crucial for evidence-based evaluation of child psychopathology, as diverse 
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informants may offer differing evaluations of symptom severity. (3) Through latent factor 

analysis, researchers have established latent dimensions of mental disorders based on the 

observed covariation of symptoms, such as the HiTOP model, which presents a hierarchical 

and transdiagnostic alternative to traditional classifications. (4) The network approach to 

psychopathology has advanced as an alternative viewpoint which is both specific by zooming 

in on individual symptom relations and by zooming out on the comorbidity of mental disorders. 

(5) Semi-structured interviews offer greater flexibility than highly structured interviews, by 

allowing for the exploration of symptoms, reasoned judgments, and the assessment of symptom 

severity and impairment in a dimensional manner, i.e., although this scoring format necessitates 

comprehensive training, it enables a dimensional perspective by considering the continuous 

range of symptom frequency and severity, as well as impairments. (6) The recently developed 

DISYPS-ILF are the first semi-structured clinical interviews in Germany for diagnosing mental 

disorders in children and adolescents, which specifically adhere to DSM-5 formulations. 

Consequently, it is crucial to comprehensively evaluate the psychometric properties of the 

DISYPS-ILF to enhance diagnostic assessment and treatment planning. 
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2 Thesis objectives 

The main objective of this doctoral dissertation is to contribute to the establishment of a 

rigorous standard for diagnosing mental disorders in children and adolescents. Specifically, this 

dissertation provides a comprehensive psychometric evaluation of the clinical parent interview 

for diagnosing externalizing disorders in children and adolescents (ILF-EXTERNAL) from the 

DISYPS-ILF (Görtz-Dorten et al., 2022) with respect to the following aspects: 

• To evaluate the reliability and validity of the ILF-EXTERNAL and, in particular, to 

examine categorical and dimensional diagnostic agreement among clinicians (Study 1) 

• To examine the factorial structure of the ILF-EXTERNAL and systematically test the 

latent dimensions underlying externalizing symptoms using a multi-informant approach 

(Study 2) 

• To enhance our understanding of the differential relationships between individual 

symptoms and domains of psychological distress and impairment (Study 3) 

The first study of this cumulative dissertation (Chapter 3; Thöne et al., 2020) presents the 

psychometric properties of the ILF-EXTERNAL. Clinicians conducted the ILF-EXTERNAL 

with the parents or primary caregivers of 474 children with ADHD symptoms (see study 

description below). To determine interrater reliability at the dimensional level, intraclass 

correlation coefficients were calculated between the interviewers who administered the ILF-

EXTERNAL and two independent raters. Agreement on categorical DSM-5 diagnoses was 

evaluated using Fleiss' kappa. Additional analyses were conducted to evaluate internal 

consistencies, item-total correlations, and the associations between symptom severity and FI. 

Convergent and divergent validity were evaluated using parent-ratings from the CBCL/6-18R 

and symptom checklists from the DISYPS-III (FBB/SBB-ADHS; FBB/SBB-SSV). 

Implications for categorical and dimensional concepts of mental disorders are discussed. This 

study (Thöne et al., 2020) provides an important contribution to a high-quality psychometric 

evaluation of clinical interviews with a focus on categorical and dimensional diagnostic 

agreement among clinicians . 

The second study (Chapter 4; Thöne et al., 2021) aimed to investigate the applicability of 

various latent factor models, which were derived from the trait-impulsivity theory, to 

externalizing symptoms. More specifically, (a) a unidimensional model, (b) a first-order 

correlated factors model with five correlated factors, (c) a higher-order factor model with one 

second-order factor and five first-order factors, (d) a traditional bifactor model with a g-factor 

and five s-factors, and (e) a bifactor S-1 model with a general reference factor of hyperactivity-

impulsivity symptoms were tested using CFA and ESEM. Additionally, the study examined the 



27 
 

measurement invariance of the prevailing factor models across different raters (clinicians, 

parents, teachers) and assessment methods (interviews, questionnaires). The discussion 

provides a critical comparison of the CFA and ESEM approaches, highlighting their respective 

advantages and disadvantages in elucidating latent dimensions of psychopathology. Moreover, 

the study critically evaluated the claimed superiority of bifactor models as the ‘winning model’ 

and provided future directions for modeling the dimensional structure of psychopathology. By 

combining factor-analytic approaches to symptomatology with etiological models, this study 

(Thöne et al., 2021) contributes to a deeper understanding of the multifactorial and dimensional 

nature of psychopathology in children. 

The third study (Thöne et al., 2023) enhanced our understanding of the differential 

relationships between individual symptoms of ADHD and disruptive behavior disorders (i.e., 

ODD, CD, callous unemotional [CU] symptoms) and global FI as well as FI in specific domains 

such as academic performance; home life and family members; relationships with adults; 

relationships with children and recreational activities; and psychological distress. The ILF-

EXTERNAL was employed by clinicians to evaluate the severity of individual symptoms and 

five functional impairment domains associated with symptoms of ADHD or symptoms of 

ODD/CD/CU, respectively. First, multiple linear regression analyses were conducted to 

determine the influence of individual ADHD symptoms or ODD/CD/CU symptoms on global 

FI. Second, two psychological networks were created to identify the most robust and distinct 

connections between individual symptoms of ADHD or ODD/CD/CU and multiple FI domains. 

The accuracy and stability of these networks were assessed using simulation studies and 

bootstrapping procedures. The discussion highlights clinical implications regarding the 

relationship between symptom severity and FI and provides future perspectives on the 

development of assessment instruments. This study (Thöne et al., 2023) contributes to the 

growing literature emphasizing the importance of analyzing the connections between individual 

symptoms and various domains of FI, underscoring the clinical utility of symptom-based 

approaches. 

 

2.1 Study description  

The data for all three studies were obtained from the ESCAschool (Evidence-based, 

Stepped Care of ADHD in school-aged children) project, which is a multicenter study 

conducted at nine different sites in Germany. The primary objective of the ESCAschool study 

“is to assess the efficacy of a stepped care approach involving individually tailored adaptive 

treatment strategies” (Döpfner et al., 2017, p. 3). As outlined in the study protocol, families 
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seeking treatment in the ESCAschool study had to need the following inclusion criteria: “(i) 

child age 6;0 to 11;11 years; (ii) child attendance of school (including special schools); (iii) 

child meeting criteria for ADHD diagnosis according to the DSM-5; (iv) existence of informed 

consent of both parents or guardians and assent of the child. Exclusion criteria are: (i) child 

intelligence quotient (IQ) below average (IQ < 80); (ii) child clinical diagnosis of a pervasive 

developmental disorder, schizophrenia, bipolar disorder, severe depressive episode, epilepsy 

or heart disease; (iii) insufficient German language or reading skills of the parent with primary 

treatment involvement; (iv) current or planned intensive behaviour therapy for child ADHD or 

oppositional behaviour on a weekly basis; (v) known non-response of the child to all standard 

ADHD medication (methylphenidate, dexamphetamine, atomoxetine); (vi) psychotropic 

medication of the child other than for the treatment of ADHD, or neuroleptic medication other 

than for the treatment of disturbances of impulse control” (Döpfner et al., 2017, p. 3). 

This doctoral dissertation examined the baseline data (i.e., before any intervention) of 

N = 474 school-age children (age: M = 8.90, SD = 1.49; 19% females). To assess whether 

participants met the diagnostic criteria for ADHD, the screening procedure included employing 

the clinical parent interview for identifying externalizing disorders in children and adolescents 

(ILF-EXTERNAL; Görtz-Dorten et al., 2022). In case children were already taking ADHD 

medication before the study, parents provided descriptions of their child's behavior both when 

the medication was and wasn't administered. For the analyses of this dissertation, only the 

symptomatology of children without medication was considered. Clinical diagnoses of ADHD, 

ODD, CD, and CU symptoms were made based on the ILF-EXTERNAL following the 

guidelines of the DSM-5 (cf. Thöne et al., 2020). The sample used in the data analysis for this 

dissertation included children who did not meet the DSM-5 criteria for an ADHD diagnosis. 

These participants, referred to as screening negatives (n = 32, 72% males), exhibited 

subthreshold ADHD symptoms (cf. Thöne et al., 2020). Additionally, all clinicians employed 

a clinical diagnostic checklist (DCL-SCREEN) from the DISYPS-III to screen for comorbid 

symptoms (Döpfner & Görtz-Dorten, 2017).  
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Abstract 

Objective: This study assesses the reliability and validity of the DSM-5-based, semi-

structured Clinical Parent Interview for Externalizing Disorders in Children and Adolescents 

(ILF-EXTERNAL). Method: Participant data were drawn from the ongoing ESCAschool 

intervention study. The ILF-EXTERNAL was evaluated in a clinical sample of 474 children 

and adolescents (aged 6 - 12 years, 92 females) with symptoms of attention-

deficit/hyperactivity disorder (ADHD). To obtain interrater reliability, the one-way random-

effects, absolute agreement models of the intraclass correlation (ICC) for single ICC(1,1) and 

average measurements ICC(1,3) were computed between the interviewers and two independent 

raters for 45 randomly selected interviews involving ten interviewers. Overall agreement on 

DSM-5 diagnoses was assessed using Fleiss’ kappa. Further analyses evaluated internal 

consistencies, item-total correlations as well as correlations between symptom severity and the 

degree of functional impairment. Additionally, parents completed the German version of the 

Child Behavior Checklist (CBCL) and two DSM-5-based parent questionnaires for the 

assessment of ADHD symptoms and symptoms of disruptive behavior disorders (FBB-ADHS; 

FBB-SSV), which were used to evaluate convergent and divergent validity. Results: ICC 

coefficients demonstrated very good to excellent interrater reliability on the item and scale level 

of the ILF-EXTERNAL (scale level: ICC(1,1) = .83 - .95; ICC(1,3) = .94 - .98). Overall kappa 

agreement on DSM-5 diagnoses was substantial to almost perfect for most disorders (.38 ≤ κ ≤ 

.94). With some exceptions, internal consistencies (.60 ≤ α. ≤ 86) and item-total correlations 

(.21 ≤ rit ≤ .71) were generally satisfactory to good. Furthermore, higher symptom severity was 

associated with a higher degree of functional impairment. The evaluation of convergent validity 

revealed positive results regarding clinical judgment and parent ratings (FBB-ADHS; FBB-

SSV). Correlations between the ILF-EXTERNAL scales and the CBCL Externalizing 

Problems were moderate to high. Finally, the ILF-EXTERNAL scales were significantly more 

strongly associated with the CBCL Externalizing Problems than with the Internalizing 

Problems, indicating divergent validity. Conclusion: In clinically referred, school-age children, 

the ILF-EXTERNAL demonstrates sound psychometric properties. The ILF-EXTERNAL is a 

promising clinical interview and contributes to high-quality diagnostics of externalizing 

disorders in children and adolescents. 

 

Keywords: structured interview, ADHD, ODD, externalizing disorders, reliability, 

intraclass correlation coefficient, validity 
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Introduction 

Structured clinical interviews are considered to be the gold standard for diagnosing 

mental disorders (Hoyer & Knappe, 2012; Nordgaard et al., 2013; Rettew et al., 2009). 

Accumulating evidence suggests that structured interviews lead to improved diagnostic 

accuracy and reliability (Frick et al., 2010; Leffler et al., 2015; Segal & Williams, 2014), which 

can in turn enhance the quality of treatment decision making (Galanter & Patel, 2005). In 

clinical research, structured interviews are especially used to screen participants for study 

inclusion or to evaluate psychotherapeutic outcomes (Hoyer & Knappe, 2012; Segal & 

Williams, 2014). Besides their use in research, such interviews have increasingly found their 

way into clinical practice as part of a comprehensive and standardized diagnostic process (Frick 

et al., 2010; Hoyer & Knappe, 2012; Segal & Williams, 2014). Moreover, clinicians in training 

can also benefit from these instruments, as they cover diagnostic criteria in a systematic manner 

(Frick et al., 2010; Leffler et al., 2015; Segal & Williams, 2014).  

In terms of their degree of structure, clinical interviews can be classified into highly 

structured versus semi-structured. While the highly structured interviews require only a 

minimum of training, they leave little flexibility for the interviewer to explore and rate the 

patient’s symptomatology. Typically, closed-ended questions form a dichotomous assessment, 

that is, a clinical symptom is either present or absent (Frick et al., 2010; Leffler et al., 2015; 

Segal & Williams, 2014). Examples of highly structured clinical interviews for assessing 

children and adolescents include the NIMH Diagnostic Interview Schedule for Children Version 

IV (NIMH DISC-IV; Shaffer et al., 2000), the Children’s Interview for Psychiatric Syndromes 

which encompasses separate child (ChIPS; Weller et al., 1999b) and parent versions (P-ChIPS; 

Weller et al., 1999a), and the Mini-International Neuropsychiatric Interview for Children and 

Adolescents (Mini-KID; Sheehan et al., 2010). Most of these structured interviews have yet to 

be revised and validated for DSM-5 (American Psychiatric Association, 2013). As reviewed by 

Leffler et al. (2015), the current versions of these interviews show high interrater reliability 

(IRR) and good validity in community and clinical samples. However, such findings may also 

be attributable to the high degree of structure, and the inherent limited scope for interviewers 

to form their own clinical judgment (Leffler et al., 2015).  

By comparison, semi-structured interviews allow the interviewer to inquire about 

symptoms, make informed judgments, and score responses in a more flexible manner (e.g. 

Likert-type scales). While this scoring format requires more extensive training, it can follow a 

dimensional approach by taking into account the severity of symptoms (Döpfner & Petermann, 

2012; Frick et al., 2010; Leffler et al., 2015). Therefore, different interviewers may form 
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disparate judgments, which can in turn result in lower IRR compared to their highly structured 

counterparts. One of the most prominent semi-structured clinical interviews is the Schedule for 

Affective Disorders and Schizophrenia for School Aged Children (K-SADS; Kaufman et al., 

1997), which mainly aims at an early diagnosis of affective disorders but also includes sections 

on other common mental disorders. Both the parents and their child can be interviewed at the 

same time. Different editions of the K-SADS exist and the instrument has been evaluated in a 

variety of populations, with overall good psychometric evidence. Available diagnostic 

interrater agreement on DSM-IV or DSM-5 externalizing disorders ranges from moderate to 

almost perfect agreement for several cross-cultural K-SADS adaptations with generally higher 

agreement in clinical samples (de la Peña et al., 2018; Ghanizadeh et al., 2006; Kim et al., 2004; 

Nishiyama et al., 2020; Ulloa et al., 2006) than in the community population (Birmaher et al., 

2009; Y. L. Chen et al., 2017). Kariuki and colleagues (2018) evaluated the attention-

deficit/hyperactivity disorder (ADHD) module of the K-SADS in a large community sample 

and obtained moderate to substantial intraclass correlation (ICC) coefficients for the 

subdimensions of ADHD. With regard to convergent validity, small to moderate correlations 

were found between clinical diagnoses and the broadband parent-rated Child Behavior 

Checklist (CBCL) questionnaire (Birmaher et al., 2009; Brasil & Bordin, 2010; Y. L. Chen et 

al., 2017; Kim et al., 2004). Furthermore, correlations between clinical diagnoses and the 

corresponding scales of the CBCL were generally higher than divergent correlations (Birmaher 

et al., 2009; Y. L. Chen et al., 2017). Another semi-structured interview is the Child and 

Adolescent Psychiatric Assessment (CAPA; Angold & Costello, 2000), which covers the full 

range of common mental disorders. With a duration of up to 120 minutes, it can be very time-

consuming to administer (Leffler et al., 2015). In a test-retest study of the CAPA, ICC 

coefficients for DSM-III-R symptom scale scores ranged from .50 for oppositional defiant 

disorder (ODD) to .98 for substance abuse / dependence in self-reports of clinically referred 

children and adolescents (Angold & Costello, 1995). Furthermore, the CAPA interview has 

shown good construct validity in relation to ten formulated criteria (Angold & Costello, 2000).  

Overall, semi-structured clinical interviews provide a valuable tool for diagnosing 

mental disorders in children and adolescents (Nordgaard et al., 2013). However, given the 

evolving conceptualizations of psychopathology, there is a current need for clinical interviews 

to meet these changing requirements. One such evolving conceptualization considers whether 

diagnostic domains are best characterized as discrete categories (such as in the DSM-5) or 

whether they should follow a dimensional approach (Coghill & Sonuga-Barke, 2012; Döpfner 

& Petermann, 2012). Consequently, state-of-the-art assessment instruments should have the 
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flexibility to allow both a categorical assessment and follow a dimensional approach which 

allows for varying degrees of severity and functional impairment. To the best of our knowledge, 

there is no diagnostic system available which meets all of the following criteria: a DSM-5-

based, semi-structured clinical interview for externalizing disorders which follows both a 

categorical and dimensional approach by assessing symptom severity and functional 

impairment on a Likert scale and includes parallel parent forms with the exact same diagnostic 

scales. 

To meet these criteria, we developed a comprehensive set of clinical parent and patient 

interviews Diagnostic System of Mental Disorders in Children and Adolescents – Interview 

(DISYPS-ILF; Görtz-Dorten et al., in press) which are part of the German Diagnostic System 

of Mental Disorders in Children and Adolescents based on the ICD-10 and DSM-5 (DISYPS-

III; Döpfner & Görtz-Dorten, 2017). Of these interviews, the Clinical Parent Interview for 

Externalizing Disorders in Children and Adolescents (ILF-EXTERNAL) covers diagnostic 

criteria according to the DSM-5 for the following externalizing disorders: ADHD, with the 

subtypes “combined type”, “predominantly inattentive type”, and “predominantly hyperactive-

impulsive type”; ODD; conduct disorder (CD), with the specifier limited prosocial emotions; 

and disruptive mood dysregulation disorder (DMDD); for further details, see Materials and 

Methods. Besides this categorical assessment, the ILF-EXTERNAL also allows clinical 

symptoms to be viewed from a dimensional standpoint. A further distinguishing and novel 

characteristic of the ILF-EXTERNAL is that both the interview and the rating scales for parents, 

teachers, and patients correspond to the same diagnostic system DISYPS-III (Döpfner & Görtz-

Dorten, 2017) and therefore have the exact same diagnostic scales. This allows a specific 

comparison of ratings of parents, teachers, and patients with clinical judgments. In addition, we 

sought to psychometrically evaluate this interview in a clinical sample of children with 

externalizing problems, as this group of children represents the prospective target group for 

clinical assessment using the ILF-EXTERNAL.  

Currently, the ILF-EXTERNAL is being conducted in the multicenter consortium 

ESCAlife (ESCAlife: Evidence-Based Stepped Care of ADHD along the Lifespan). The 

purpose of this consortium is to evaluate adaptive interventions for patients diagnosed with 

ADHD, including 3-6-year-old preschool children (ESCApreschool; Becker et al., 2020), 6-12-

year-old school children (ESCAschool; Döpfner et al., 2017), and 12-17-year-old adolescents 

(ESCAadol; Geissler et al., 2018). 

The overall aim of this study is to present the newly developed clinical parent interview 

ILF-EXTERNAL and its psychometric properties, including (1) descriptive statistics for all 
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scales, (2) internal consistencies and item-total correlations, (3) IRR on the item and scale level, 

(4) overall agreement on DSM-5 diagnoses, (5) associations between symptom severity and the 

degree of functional impairment, and (6) convergent and divergent validity in a clinical sample 

of school-age children with ADHD symptoms.  

 

Materials and methods 

Measures 

During the ESCAschool study, the below-mentioned measures were collected at several 

main assessment points (cf. Döpfner et al., 2017). In the present study, measures at baseline 

(i.e. before any intervention) were analyzed.  

 

Clinical Parent Interview for Externalizing Disorders in Children and Adolescents (ILF-

EXTERNAL)  

The clinical parent interview ILF-EXTERNAL (Görtz-Dorten et al., in press) is part of 

the DISYPS-III (Döpfner & Görtz-Dorten, 2017). The ILF-EXTERNAL comprises a set of 

items, each of which explores a DSM-5 symptom criterion. Following a semi-structured 

approach, clinicians give their own judgment by rating each item on a 4-point Likert scale 

ranging from 0 (age-typical / not at all), to 3 (very much), with higher scores indicating higher 

symptom severity. To aid clinical judgment, a short description of the symptom severity is 

provided for each score. Also, an example sentence of a child’s behavior representing a rating 

of 3 is given for each item. Item scores of 2 and higher are interpreted as clinically relevant and 

considered to fulfill the DSM-5 symptom criteria. The ILF-EXTERNAL consists of 18 items 

assessing ADHD symptoms which can be aggregated into two scales, Inattention (nine items) 

and Hyperactivity-Impulsivity (nine items). Together, these 18 items form the ADHD Symptoms 

scale. Additionally, five items assess functioning and psychological strain associated with 

ADHD symptoms and form the ADHD Functional Impairment scale. Moreover, the ILF-

EXTERNAL consists of 36 items assessing oppositional and disruptive symptoms which are 

aggregated to the following scales: ODD Symptoms (eight items) and CD Symptoms (15 items), 

which together form the scale ODD/CD Symptoms (23 items). Further items form the scales 

Disruptive Mood Dysregulation (five items, three of which are also part of the ODD Symptoms 

scale) and Limited Prosocial Emotions (11 items). In addition, five items assess functioning 

and psychological strain associated with ODD and CD symptoms and form the ODD/CD 

Functional Impairment scale (see Supplemental Table 1 in the online supplementary material 

for a more detailed description of the items forming each scale). Scale scores are computed by 
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averaging the associated item scores. In the present study, the items assessing aggressive and 

antisocial symptoms from the age of 11 (B06 to B15) were excluded from further analyses due 

to an obvious floor effect, resulting in the shortened scales CD Symptoms - short version (five 

items) and ODD/CD Symptoms - short version (13 items).  

 

Child Behavior Checklist for Ages 6-18 (CBCL/6-18R)  

To examine convergent and divergent validity, information from the German CBCL/6-

18R was used (Arbeitsgruppe Deutsche Child Behavior Checklist, 1998; Döpfner et al., 2014). 

Originally developed by the Achenbach group (Achenbach, 1991; Achenbach & Rescorla, 

2001), the German CBCL/6-18R is a broadband questionnaire comprising 120 items developed 

to assess behavioral and emotional problems in children and adolescents. Parents rate their 

child’s behavior on a 3-point scale (0 = “not true”, 1 = “somewhat or sometimes true”, 2 = “very 

true or often true”). The items form eight syndrome scales and three broadband scales 

(Externalizing Problems, Internalizing Problems, Total Problems). The German CBCL/6-18R 

has demonstrated at least satisfactory internal consistencies for the eight syndrome scales with 

slightly higher values in a large clinical sample than in a community sample (Döpfner et al., 

2014). Exceptions are the scales Thought Problems (α < .70 in both samples) and Somatic 

Complaints (α = .65 in the community sample). Internal consistencies were good for the 

Externalizing Problems and Internalizing Problems (α > .80) and excellent for the Total 

Problems (α > .90) in both samples. In cross-cultural analyses, Rescorla et al. (2007) found that 

parents’ ratings were similar across 31 societies including Germany, indicating the 

multicultural robustness of the CBCL. Furthermore, the configural invariance of the 8-

syndrome structure of the CBCL was confirmed in large cross-cultural studies including 

Germany (Ivanova et al., 2019; Ivanova, Achenbach, Dumenci, et al., 2007). In the present 

study, the raw scale scores of the eight syndrome scales and the Internalizing Problems and 

Externalizing Problems were used.  

 

Symptom Checklist for Attention-deficit/hyperactivity Disorder (FBB-ADHS)  

The German Symptom Checklist for Attention-deficit/hyperactivity Disorder (FBB-

ADHS) is part of the DISYPS-III (Döpfner & Görtz-Dorten, 2017). This questionnaire consists 

of 27 items which form identical scales to those in the ILF-EXTERNAL and an additional six 

items assessing the child’s competencies. All items are rated on a 4-point Likert scale ranging 

from 0 (“not at all”) to 3 (“very much”). Psychometric evaluations support the reliability and 

validity of the FBB-ADHS (Döpfner et al., 2008; Erhart et al., 2008). The present analyses 
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included the scales Inattention, Hyperactivity-Impulsivity, ADHD Symptoms, and ADHD 

Functional Impairment. 

 

Symptom Checklist for Disruptive Behavior Disorders (FBB-SSV)  

The German Symptom Checklist for Disruptive Behavior Disorders (FBB-SSV) is also 

part of the DISYPS-III (Döpfner & Görtz-Dorten, 2017). The structure and assessment are the 

same as outlined for the FBB-ADHS. The FBB-SSV includes 46 items which also form 

identical scales to those in the ILF-EXTERNAL and an additional 12 items assessing the child’s 

competencies. Psychometric evaluations of the FBB-SSV revealed positive results regarding 

reliability and validity (Görtz-Dorten et al., 2014). The scales ODD Symptoms, CD Symptoms, 

ODD/CD Symptoms, Disruptive Mood Dysregulation, Limited Prosocial Emotions, and 

ODD/CD Functional Impairment were used in the present study. For the sake of consistency 

with the scales CD Symptoms - short version and ODD/CD Symptoms - short version of the 

ILF-EXTERNAL, the items assessing aggressive and antisocial symptoms from the age of 11 

(B06 to B15) from the FBB-SSV were also excluded from further analyses.  

 

Participants and procedure 

Data collection was based on the ongoing ESCAschool intervention study (target N = 

521), which is part of the research consortium ESCAlife and involves nine study centers located 

in Germany (Cologne, Essen, Göttingen, Hamm, Mainz, Mannheim, Marburg, Tübingen, 

Würzburg). The ESCAschool study investigates an evidenced-based, individualized, stepwise-

intensifying treatment program based on behavioral and pharmacological interventions for 

children diagnosed with ADHD. For further details on the procedures, including inclusion and 

exclusion criteria, please refer to Döpfner et al. (2017). In the present study, the ILF-

EXTERNAL was evaluated using ESCAschool baseline data from 474 children (age range 6 - 

12 years, M = 8.9, SD = 1.5, 92 females). The assessment of the ILF-EXTERNAL baseline data 

is part of a screening to check the participants’ eligibility for the ESCAschool study. The 

screening was conducted at two successive appointments no longer than eight weeks apart. 

During the screening, the ILF-EXTERNAL was administered to the parents and was either 

video- or audio-recorded. About one third of the children (32.5%) were receiving ADHD 

medication prior to the study. In these cases, parents were asked to describe their child’s 

behavior with and without medication, resulting in two ratings for each item. For the present 

analyses, the children’s symptomatology without medication was analyzed. Besides children 

diagnosed with ADHD, the present sample also included children who did not meet criteria for 
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an ADHD diagnosis (i.e. so-called screening negatives of the ESCAschool study). These 

screening negatives (n = 32, including 9 females) were characterized by subclinical ADHD 

symptomatology, which allowed us to capture the full spectrum of ADHD symptoms. 

Descriptive statistics (M, SD) for all ILF-EXTERNAL scales considering only the screening 

negatives are reported in Table 2. As can be seen, although these children did not fulfill 

inclusion criteria for the ESCAschool treatment study, they nevertheless exhibited symptoms 

of externalizing behavior problems. Clinical diagnoses of ADHD and comorbid externalizing 

disorders were based on the outcome of the ILF-EXTERNAL. To assess comorbid symptoms, 

all clinicians applied a clinical diagnostic checklist (DCL-SCREEN) from the DISYPS-III 

(Döpfner & Görtz-Dorten, 2017). All parents and children gave their assent and written 

informed consent, and each participating study site received ethical approval (Döpfner et al., 

2017). Participant data are presented in Table 1. 

 

Subsample for the analysis of interrater reliability 

To obtain IRR, a subsample of 45 interviews of the ILF-EXTERNAL was chosen (for 

the characteristics of this subsample, see Table 1). More specifically, we empirically 

determined the required sample size as recommended by published guidelines on IRR studies 

(Kottner et al., 2011). We selected a method for sample size calculation for the ICC coefficient 

(Zou, 2012), which estimates the required sample (N) to achieve a reliability coefficient (ρ) that 

is not less than a prespecified value (ρ0) with a prespecified assurance probability. The 

calculations revealed that a minimum of 42 interviews rated by two additional raters (k = 3) is 

required to ensure that the lower limit of a 95% one-sided confidence limit for ρ = .80 is no less 

than ρ0 = .65 with 80% assurance probability based on the ICC one-way random-effects model 

(Zou, 2012). Subsequently, 45 interviews (five interviews from one clinician from each of the 

nine study sites) were randomly selected using the select cases function in SPSS. Inclusion 

criteria for the interview recordings were as follows: A video- or audio-recording had to be 

present for both parts of the interview, the recordings needed to have sufficient audio quality, 

the clinical assessment had to follow the ILF-EXTERNAL, and, if possible, both parts of the 

interview should be conducted by the same interviewer. If it was not possible to rate an 

interview recording due to violation of the inclusion criteria, another recording from the same 

interviewer was randomly selected. For one study site, there were only four recordings available 

from one interviewer; in this case, we therefore included one recording by another interviewer 

from the same study site. In short, the subsample to obtain IRR consists of 45 recordings of the 

ILF-EXTERNAL conducted by ten interviewers from nine study sites. Typically, interviewers 
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conducted the first part of the interview, assessing ADHD symptoms, at the first appointment 

and the second part, assessing ODD/CD symptoms, at the second appointment. For the ADHD 

part, 37 (82.2%) interviews were conducted with the mother, three (6.7%) with the father, and 

five (11.1%) with both parents. Similarly, for the ODD/CD part, 40 (88.9%) interviews were 

conducted with the mother, three (6.7%) with the father, and two (4.4%) with both parents. 

Regarding the duration of the interviews, the ADHD part had a mean length of 42 min (SD = 

19 min, range 15 to 88 min) and the ODD/CD part had a mean length of 35 min (SD = 20 min, 

range 5 to 98 min). Thirty-eight interviews were video-recorded and seven were audio-

recorded. Regarding ADHD diagnosis, 28 children were diagnosed with ADHD combined type, 

14 children with ADHD inattentive type, two children with ADHD hyperactive-impulsive type 

and only one child was below the cut-off for any ADHD diagnosis. Hence, this sample does 

not capture the full spectrum of ADHD symptomatology but rather represents a clinical sample 

of different ADHD subtypes. Sample characteristics are reported in Table 1. 

 

Interview training 

All interviewers who were involved in recruiting patients for the ESCAschool study 

were trained psychologists or educationists with a Master’s degree, PhD candidates, or in 

training to become a child and adolescent psychotherapist/psychiatrist. During the ESCAschool 

study, all interviewers received a standardized training on administering and scoring the ILF-

EXTERNAL, including watching a practice video. All interviewers were encouraged to consult 

their supervisor if they experienced any difficulties regarding the assessment with the ILF-

EXTERNAL. Furthermore, two independent raters were asked to rate a subsample of 45 

recordings of the ILF-EXTERNAL to obtain IRR. Both independent raters were PhD students 

at the University of Cologne and were completing their training as child and adolescent 

psychotherapists. In addition to the ESCAschool training on the ILF-EXTERNAL outlined 

above, both raters participated in a one-day workshop in which they discussed the 

administration of the ILF-EXTERNAL, including detailed information on the scoring of each 

item. Both raters were then asked to independently code three practice videos randomly selected 

from the ESCAschool study, after which they received elaborate feedback from their supervisor 

and discussed potential difficulties when rating the recordings. Both raters were instructed not 

to discuss the interviews with each other during the rating process.  
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Statistical analysis 

 All statistical analyses were performed using SPSS Version 26 (SPSS Inc, Chicago, IL, 

USA) if not stated otherwise. A first check of the data revealed no considerable floor or ceiling 

effects of the ILF-EXTERNAL item frequencies (except for the items that had been excluded 

previously). If more than 10% of the items forming a particular scale were missing, this scale 

was not computed for the affected participant due to a possible bias of the results (Bennett, 

2001). This listwise exclusion criterion was also applied to the scales of the parent questionnaire 

data. A summary of the valid cases for each analysis is provided in the respective tables.  

Besides descriptive statistics (mean scores, standard deviations) for all ILF-EXTERNAL 

scales, Cronbach’s alpha was computed, with values of > .70 indicating acceptable internal 

consistency (Nunnally, 1978). Moreover, the corrected item-total correlations were calculated, 

with values of > .30 considered acceptable (Field, 2018).  

The ICC coefficient (McGraw & Wong, 1996; Shrout & Fleiss, 1979) was computed to 

assess IRR between the interviewers and both independent raters. The ICC is one of the most 

common metrics when assessing IRR of continuous data (Hallgren, 2012; Koo & Li, 2016; 

LeBreton, James & Senter, Jenell, 2008). It should be noted that different formulas exist, each 

involving distinct assumptions about their calculations and therefore leading to different 

interpretations (Koo & Li, 2016). We computed the ICC one-way random-effects, absolute 

agreement model for single rater/measurements ICC(1,1) as well as for measures based on a 

mean-rating ICC(1,3) with their 95% confidence intervals (CIs). The ICC one-way model was 

chosen because the physical distance between study centers prevented the same interviewer 

from measuring all participants which would otherwise qualify for the two-way measurement 

models (Koo & Li, 2016). Furthermore, we believe that the single rater/measurements model 

ICC(1,1) is more appropriate than average measures, given that the clinical outcome of ILF-

EXTERNAL should be based on one clinician and not on the average information obtained 

from multiple clinicians (Koo & Li, 2016). Nevertheless, we also present average 

measurements ICC(1,k) to ensure comparability of our results across studies. We also 

calculated the IRR for both independent raters for all scales of the ILF-EXTERNAL using 

the two-way random-effects models for single ICC(2,1) and for average ICC(2,2) 

measurements (McGraw & Wong, 1996; Shrout & Fleiss, 1979). To interpret ICC coefficients, 

different benchmarks are commonly cited. Cicchetti (1994) provided the following guidelines 

for interpreting ICC coefficients: poor ≤ .40; fair = .41 – .59; good = .60 – .74; and excellent ≥ 

.75. However, other authors proposed more stringent guidelines: poor ≤ .50; moderate = .51 – 

.75; good = .76 – .90; and excellent ≥ .91 (Koo & Li, 2016). The results are therefore presented 
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using both .75 and .91 as interpretations of “excellent” reliability. Additionally, to obtain a 

further estimate on the degree of agreement, pairwise percent agreement was calculated based 

on integer scale scores (Wirtz & Caspar, 2002) using MATLAB and Statistics Toolbox Release 

2018b. It should be noted that percentages of agreement do not correct for agreements that 

would be expected by chance and therefore, may overestimate the degree of agreement (Wirtz 

& Caspar, 2002). 

Overall agreement on DSM-5 diagnoses was assessed using Fleiss’ kappa (Fleiss, 

1971), which is a statistical measure to assess agreement between multiple raters (i.e. the 

interviewers and both raters) on categorical variables (i.e. the presence or absence of a disorder). 

While Fleiss’ kappa is a chance-corrected measure, it is dependent on the base rate of each 

disorder. Especially when the base rate of a disorder is low (n < 10), corresponding kappa values 

should only be interpreted with caution. The presence or absence of a DSM-5-based disorder 

was derived from the raw interview item scores by symptom counts. For example, if at least 

four items from the ODD Symptoms scale were scored with 2 or higher, these scores were 

considered to fulfill the diagnosis of ODD. Following common research practice, other 

exclusion criteria (such as not making the diagnosis of ODD in the presence of DMDD or such 

as only specifying limited prosocial emotions in the presence of CD) were ignored (Angold & 

Costello, 1995; de la Peña et al., 2018). Fleiss’ kappa was calculated between the interviewers 

and two raters. To interpret kappa values, Landis and Koch (1977) suggested the following 

benchmarks: slight ≤ .20; fair = .21 – .40; moderate = .41 – .60; substantial = .61 – .80; almost 

perfect agreement ≥ .81.   

Pearson product-moment correlations were computed between the ILF-EXTERNAL 

scales ADHD Symptoms, ODD/CD Symptoms - short version and the corresponding scales 

ADHD Functional Impairment, ODD/CD Functional Impairment in order to describe the 

relationship between symptom severity and the degree of functional impairment. To test for 

significant differences between pairs of correlations, the cocor software package for the R 

programming language (R 3.6.2) was applied (Diedenhofen & Musch, 2015). More 

specifically, we compared the magnitude of two dependent correlation coefficients with 

overlapping variables (i.e., the correlations have one variable in common) based on Steiger’s 

(1980) modification of Dunn and Clark’s (1969) z-transformation. 

Additionally, Pearson product-moment correlations were computed between all ILF-

EXTERNAL scales and the corresponding scales in the parent forms (FBB-ADHS; FBB-SSV) 

in order to evaluate convergent validity between clinical judgment and parent ratings. Two-

sided paired samples t-tests were used group comparisons between the average scores of the 
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ILF-EXTERNAL scales and the corresponding scales of the parent forms. This analysis 

allowed us to investigate whether clinician-rated scale scores on the ILF-EXTERNAL differed 

significantly from ratings on the corresponding parent-rated scales.  

To further assess convergent and divergent validity, Pearson product-moment 

correlations were computed between the ILF-EXTERNAL scales and the eight syndrome scales 

as well as the Externalizing Problems and Internalizing Problems of the CBCL/6-18R. The R 

cocor package and Steiger’s test (Steiger, 1980) were again applied to compare the magnitude 

of two dependent correlations. In particular, we determined whether the correlations of a 

particular ILF-EXTERNAL scale (e.g. Inattention) with the CBCL/6-18R broadband scales 

(Externalizing Problems and Internalizing Problems) differed significantly. 

 

Results 

 

Scale characteristics 

Table 2 summarizes the mean scores, standard deviations, internal consistencies 

(Cronbach’s alpha) and the ranges of the item-total correlations for all ILF-EXTERNAL scales. 

The lowest mean score was observed for the scale CD Symptoms - short version (M = 0.40, SD 

= 0.43), and the highest mean score for the scale Inattention (M = 1.95, SD = 0.48). As can be 

expected, given the clinical sample of children with ADHD symptoms, average scale scores 

were generally higher on the ADHD scales than on the ODD/CD scales. Cronbach’s alpha 

coefficients for the ILF-EXTERNAL symptom scales were generally acceptable to good, with 

the exception of the scale CD Symptoms - short version (α = .60). The scales comprising 

Functional Impairment showed questionable internal consistency for ADHD (α = .62) and very 

good internal consistency for ODD/CD (α = .86). Item-total correlations were generally 

satisfactory (.21 ≤ rit ≤ .71) with some exceptions. The following items demonstrated item-total 

correlations below rit = .30 (ADHD items: A01 Careless, A06 Concentration, F05 Interferes 

with educational activities. ODD/CD items: B03 Cruel to animals, B05 Steals without 

confrontation, C04c Manipulates). However, excluding any of these items did not noticeably 

change the Cronbach’s alpha of the respective scales.  

 

Interrater reliability 

Table 3 presents the IRR of the ILF-EXTERNAL scales, according to the ICC one-way 

random-effects, absolute agreement model for single ICC(1,1) and average measures ICC(1,3), 

their respective 95% confidence intervals, and pairwise percent agreement. Regarding the ILF-
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EXTERNAL symptom scales, all ICC(1,1) coefficients were greater than .75, indicating 

excellent IRR according to Cicchetti (1994) or, following a more stringent interpretation, good 

to excellent IRR (Koo & Li, 2016). Furthermore, all ICC(1,3) coefficients of the average 

measurement model were greater than .90, indicating excellent IRR of the ILF-EXTERNAL 

symptom scales (Cicchetti, 1994; Koo & Li, 2016). Regarding the ILF-EXTERNAL scales 

assessing functional impairment, both the ADHD Functional Impairment scale (ICC(1,1) = .89; 

ICC(1,3) = .96) and the ODD/CD Functional Impairment scale (ICC(1,1) = .92; ICC(1,3) = 

.97) demonstrated ICC values in the upper range, indicating very good to excellent IRR by the 

single and average measurement model (Cicchetti, 1994; Koo & Li, 2016). In addition, pairwise 

percent agreement was consistently higher than 80%, indicating high agreement between the 

interviewers and both raters. For the interested reader, results on the IRR on the item level are 

reported in the online supplementary material (Supplemental Table 1). Furthermore, we 

calculated the IRR for both independent raters for all scales of the ILF-EXTERNAL using 

the two-way random-effects models for single ICC(2,1) and for average measurements 

ICC(2,2) (McGraw & Wong, 1996; Shrout & Fleiss, 1979). The results show that all ICC 

coefficients were .90 or greater using single and average measures, indicating excellent IRR of 

the ILF-EXTERNAL scales (Cicchetti, 1994; Koo & Li, 2016). The results are summarized in 

the online supplementary material, (Supplemental Table 2).  

 

Agreement on DSM-5 diagnoses  

Table 4 presents overall agreement on DSM-5 diagnoses assessed using Fleiss’ kappa 

values, their corresponding 95% confidence intervals, and pairwise percent agreement. 

Following the benchmarks of Landis and Koch (1977), diagnostic agreement ranged from fair 

(ADHD hyperactive-impulsive type: κ = .38), through moderate (DMDD: κ = .55), substantial 

(ADHD combined type: κ = .71; ADHD inattentive type: κ = .71; any ADHD: κ = .74) to almost 

perfect agreement (ODD: κ = .82; conduct disorder: κ = .94; with its specifier limited prosocial 

emotions: κ = .82). However, due to the low base rate of the diagnoses ADHD hyperactive-

impulsive type (n = 2) and CD (n = 6) in the subsample, agreement on these two disorders 

should be interpreted with caution. In particular, pairwise percent agreement mainly seems to 

reflect agreement by chance. With regard to the remaining DSM-5 diagnoses, agreement could 

be estimated more reliably. 
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Correlations between ILF-EXTERNAL symptom scales and functional impairment 

Regarding the association between symptom severity and the degree of functional 

impairment, Pearson correlations revealed a moderate to large (r = .50) association between the 

scales ADHD Symptoms and ADHD Functional Impairment. In turn, there was a strong positive 

association between the scales ODD/CD Symptoms - short version and ODD/CD Functional 

Impairment (r = .67). Furthermore, the scale ADHD Symptoms correlated significantly more 

strongly with the scale on functional impairment associated with ADHD than with the ODD/CD 

Functional Impairment scale (z = 3.92, p < .001). Likewise, the scale ODD/CD Symptoms 

correlated significantly more strongly with the scale on ODD/CD-related functional impairment 

than with the ADHD Functional Impairment scale (z = -5.41, p < .001).  

 

Convergent and divergent validity 

Table 5 compares the ILF-EXTERNAL scales and the corresponding scales of the 

parent forms (FBB-ADHS; FBB-SSV). Pearson correlations were moderate to high and 

significant (.57 ≤ r ≤ .78, p < .001), indicating convergent validity between clinical judgment 

and parent ratings. Overall, ratings on most ILF-EXTERNAL scale scores differed significantly 

from ratings on the corresponding scales of the parent forms (p < .05), with the exception of 

the scales ADHD Symptoms (p = .051) and CD Symptoms - short version (p = .260). 

Furthermore, mean scale scores on the parent forms were higher than the corresponding clinical 

judgment (exceptions: ADHD Symptoms and Hyperactivity-Impulsivity). 

In addition, Table 6 summarizes Pearson correlations between the ILF-EXTERNAL 

scales and the eight CBCL/6-18R syndrome scales as well as the CBCL/6-18R broadband 

scales Externalizing Problems and Internalizing Problems. Overall, correlations between the 

ILF-EXTERNAL scales and the CBCL Externalizing Problems were moderate to high and 

significant (.33 ≤ r ≤ .69, p < .001). As can be expected, the highest observed correlations of 

the CBCL Externalizing Problems were with the ILF-EXTERNAL scales ODD Symptoms, CD 

Symptoms - short version, and ODD/CD Symptoms - short version scales (.58 ≤ r ≤ .69). 

Furthermore, the ILF-EXTERNAL Inattention scale was most strongly associated with the 

CBCL syndrome scale Attention Problems (r = .39). As can be expected, the ILF-EXTERNAL 

scales were more strongly associated with the CBCL Externalizing Problems than the 

Internalizing Problems. When comparing the correlation coefficients of both CBCL problem 

scales, we found that all ILF-EXTERNAL scales were significantly more strongly associated 

with the CBCL Externalizing Problems (.001 ≤ p ≤ .005). Taken together, these results provide 

support for the convergent and divergent validity of the ILF-EXTERNAL.  
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Discussion 

This study presents the DSM-5-based, semi-structured, clinical parent interview ILF-

EXTERNAL and its psychometric properties in a clinical sample of school-age children with 

ADHD symptoms. The results suggest that the ILF-EXTERNAL is a promising and overall 

reliable and valid clinical interview for diagnosing externalizing disorders in children and 

adolescents.  

Regarding scale reliability, Cronbach’s alpha coefficients for the ILF-EXTERNAL 

scales were generally acceptable to good. Accordingly, those items which were aggregated to 

form a particular scale predominantly seem to measure a common construct. One exception is 

the CD Symptoms - short version scale (α = .60). Similar internal consistency of the CD 

Symptoms scale was reported for the DISC version 2.3 (α = .59, cf. Frick et al., 2010). We 

believe that for the following reasons, this rather low internal consistency is unsurprising: First, 

we excluded the items B06 to B15, assessing aggressive and antisocial symptoms from the age 

of 11, which resulted in a shortened scale of only five items. Second, with a low mean score (M 

= 0.40; SD = 0.43), the scores of the remaining items of this shortened scale displayed a skewed 

distribution. Third, these symptoms represent a heterogeneous group of symptoms, which may 

have impaired the reliability of this scale (Frick et al., 2010). Similarly, the ADHD Functional 

Impairment scale demonstrated low internal consistency (α = .62), which might also be 

explained by the heterogeneity of the items. However, the ODD/CD Functional Impairment 

scale showed very good internal consistency (α = .86). In addition, item-total correlations were 

generally satisfactory with some exceptions. Although some items demonstrated item-total 

correlations below rit = .30, excluding any of these items did not noticeably change the 

Cronbach’s alpha of the respective scales.  

Having calculated the ICC one-way random-effects model for single ICC(1,1) and 

average ICC(1,3) measurements, ICC coefficients demonstrated “very good” to “excellent” 

IRR for all scales (Cicchetti, 1994; Koo & Li, 2016). Most IRR studies on broadband clinical 

interviews assessing children and adolescents did not provide IRR results on the scale level. 

One previous study assessed externalizing symptoms in children and adolescents using a 

modified ADHD-ODD scale of the K-SADS (Jans et al., 2009). This modified scale was based 

on a dichotomous assessment of the DSM-IV-based ADHD and ODD criteria, leading to a sum 

score. Pearson correlations revealed a strong positive association (r = .98) between the sum 

scores of the interviewers and the sum scores from independent raters. However, it should be 

noted that ICC might be a more appropriate measure to assess IRR than Pearson correlations. 

While the Pearson correlation coefficient indicates the strength of the linear relationship 
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between two variables, a high correlation may be observed even though agreement is poor 

(Bland & Altman, 1986; Gisev et al., 2013). Another study assessed IRR of the ADHD 

subdimensions in the K-SADS using ICC (Kariuki et al., 2018). The results indicated moderate 

to good IRR for the inattentive subtype (ICC = .76), hyperactive-impulsive subtype (ICC = 

.41), combined type (ICC = .77), and any ADHD type (ICC = .64). While the authors calculated 

the one-way random-effects model, it remains unclear whether they relied on single or average 

measurements, which limits the interpretation of their results. Although our ICC coefficients 

were consistently higher on all ADHD scales, a comparison with the aforementioned study 

must be treated with caution for the following reasons: First, the authors validated the ADHD 

subdomains in a community sample, while our results were based on clinically referred 

children. Second, the authors only obtained IRR estimates from 20 children, while we 

empirically calculated our required sample size and based our IRR results on twice as many 

children. Overall, our study demonstrates high IRR and addresses the aforementioned research 

gap, providing valuable information regarding the psychometric quality on the scale level. 

These findings were largely confirmed even on the single-item level (see online supplementary 

material, Supplemental Table 1).  

Diagnostic agreement between the interviewers and both independent raters was 

“substantial” to “almost perfect” for most disorders with the exceptions of ADHD hyperactive-

impulsive type and DMDD (Landis & Koch, 1977). With regard to diagnosing ADHD and its 

subtypes, we found substantial agreement for any ADHD diagnosis, for ADHD combined type, 

and for ADHD inattentive type. However, these results should be discussed within the scope of 

the subsample. The composition of this subsample may have influenced agreement estimates, 

particularly because of the high base rate of ADHD diagnoses (i.e. 44/45 children). Although 

both independent raters were not aware of this high base rate, the sole fact that almost all 

children exhibited clinically relevant symptoms (i.e. scorings of 2 or 3 on each item) may have 

led to an uneven distribution of item scorings and thus, possible overestimation of agreement 

on ADHD diagnoses. For example, the “perfect” pairwise agreement of 100% for any ADHD 

diagnosis (κ = .74) rather seems to reflect an overestimation of agreement due to sampling 

issues. Concerning diagnostic agreement on ADHD hyperactive-impulsive type, we found 

rather low Fleiss’ kappa agreement (κ = .38) but almost perfect pairwise agreement (95.6%). 

Although this finding might seem somewhat perplexing, it can be explained as follows: 

Considering that Fleiss’ kappa is influenced by the base rate of observations (Wirtz & Caspar, 

2002), the agreement on ADHD hyperactive-impulsive type seems to primarily reflect sampling 

issues due its very low base rate (n = 2) in our subsample. This low base rate, in turn, influences 
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pairwise percent agreement which does not correct for agreement that would be expected by 

chance. For example, even if both raters agreed on no ADHD hyperactive-impulsive diagnosis 

for all 45 participants, they still would have demonstrated agreement in 43/45 cases. 

As a newly developed clinical interview with a semi-structured format, it is particularly 

essential to compare diagnostic interrater agreement of the ILF-EXTERNAL with that from 

other semi-structured interviews. The degree of agreement on any ADHD diagnosis was 

comparable with other findings in clinical samples using the K-SADS (.42 ≤ κ ≤ .92; de la Peña 

et al., 2018; Ghanizadeh et al., 2006; Kim et al., 2004; Nishiyama et al., 2020; Ulloa et al., 

2006). Furthermore, our results regarding diagnostic agreement on ADHD subtypes were also 

relatable to previous literature. Having calculated kappa agreement using the MINI-KID 

interview in a clinical sample, Sheehan et al. (2010) reported almost perfect agreement for 

ADHD combined type (κ = .90) and ADHD inattentive type (κ = .93) and substantial agreement 

for ADHD hyperactive-impulsive type (κ = .65). Interestingly, high diagnostic agreement on 

diagnosing ADHD combined type (κ = .86) and ADHD inattentive type (κ = .78) was also 

reported in a clinical sample of children with ADHD symptoms (Power et al., 2004).  

With regard to comorbid externalizing disorders, the degree of diagnostic agreement 

was comparable with other findings in clinical samples using the K-SADS for ODD (.69 ≤ κ ≤ 

.80; de la Peña et al., 2018; Ghanizadeh et al., 2006), DMDD (κ = .53; de la Peña et al., 2018), 

and CD (.78 ≤ κ ≤ 1.0; de la Peña et al., 2018; Ghanizadeh et al., 2006; Ulloa et al., 2006). 

Although our results concerning CD should be interpreted with caution due to its low base rate 

in the subsample (n = 6), these results were also in line with previous studies reporting the 

highest agreement on this diagnosis (Ghanizadeh et al., 2006; Ulloa et al., 2006). We suggest 

that this finding may be attributable to the clinical presentation of CD symptoms, which are 

clear to observe and unambiguous to score. Agreement on the specifier limited prosocial 

emotions was classified if symptoms in at least two out of four categories were considered as 

clinically relevant. While previous research observed fair agreement (κ = .29; de la Peña et al., 

2018), we found very high diagnostic agreement on this specifier (κ = .82), which again, may 

be attributable to our sample characteristics.  

The ranges of diagnostic agreement reported in the literature might arise from 

differences in the administration of the interview (e.g. parents or children as primary 

informant), the respective study samples (e.g. children or adolescents), methodological issues 

(e.g. number of raters or amount of training received on administering the interview), or the 

sample population (community vs. clinical) and its characteristics (e.g. base rates of disorders). 

Notably, diagnostic agreement is often higher in clinical than in community samples (Y. L. 
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Chen et al., 2017). One basic criticism of clinical samples is that they typically only include 

patients with clear and severe symptoms. Consequently, the patients’ symptoms can be easily 

recognized and scored, which may lead to overestimated reliability results, an effect which is 

also referred to as spectrum bias (Ranshoff & Feinstein, 1978).  

Overall, while these reliability results and their corresponding coefficients yield 

important empirical findings, these labels do not indicate their practical or clinical relevance 

(Kottner et al., 2011). In other words, even though we obtained very good to excellent IRR and 

diagnostic agreement results, discrepancies between ratings nevertheless occurred, which 

warrant further discussion. We critically explored discrepancies between the interviewers and 

both raters and propose the following reasons for rater disagreement: 1) In terms of the 

administration of the ILF-EXTERNAL, we noted that some interviewers explored the 

frequency and intensity of each symptom more thoroughly than did others. This possible lack 

of clinical information may have affected the scorings of both independent raters. Moreover, 2) 

noise disturbances during the recordings may have affected the raters, and 3) information 

variance (i.e. the interviewers may have integrated information prior to the interview into their 

ratings), as well as 4) interpretation variance (i.e. different raters may have subjective ideas 

about weighting of symptoms) might have arisen (see also Hoyer & Knappe, 2012).  

A further finding was that higher symptom severity was associated with a higher degree 

of functional impairment. This result highlights the importance of the current DSM practice of 

considering a clinical significance criterion (Spitzer & Wakefield, 1999), which requires 

symptoms to be associated with clinically significant psychological strain and functional 

impairment in social, occupational, or other areas of life to warrant a diagnosis (American 

Psychiatric Association, 2013). Results from a large meta-analysis confirmed the relationship 

between ADHD subtypes and multiple domains of functional impairment (Willcutt et al., 2012).  

Regarding convergent and divergent validity, we found moderate to strong correlations 

between the ILF-EXTERNAL scales and the scales of the German CBCL/6-18R covering 

similar symptoms. Furthermore, the ILF-EXTERNAL scales were significantly more strongly 

associated with the CBCL Externalizing Problems than with the Internalizing Problems, 

indicating construct validity. These results are largely consistent with previous studies reporting 

small to moderate relations between the CBCL and clinical diagnoses from semi-structured 

interviews for the assessment of clinical symptoms in children and adolescents (Birmaher et 

al., 2009; Brasil & Bordin, 2010; Y. L. Chen et al., 2017; Kim et al., 2004). Moreover, 

correlations of the ILF-EXTERNAL scales with the corresponding CBCL scales were generally 

higher than correlations with the non-corresponding CBCL scales. Similar findings have also 
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been reported in the community population (Birmaher et al., 2009; Y. L. Chen et al., 2017). 

However, limitations of these findings are that they often rely solely on broad diagnostic 

categories such as “ADHD” without specification of its subtypes (Birmaher et al., 2009; Y. L. 

Chen et al., 2017; Kim et al., 2004), “any disruptive disorder” (Brasil & Bordin, 2010), or that 

their results are based on small (i.e. less than N = 100) sample sizes (Brasil & Bordin, 2010; 

Kim et al., 2004). We therefore extended these findings by reporting validity results on 

diagnostic scales in a larger sample. A further strength of our study is that we included parent 

forms (FBB-ADHS; FBB-SSV) which cover the same DSM-5 symptoms as the ILF-

EXTERNAL. This distinguishing and novel characteristic allowed us to specifically compare 

ratings between parental and clinical judgments. While our results indicate moderate to 

substantial convergence between parent ratings and clinical judgments, we believe that this 

convergence is not sufficiently strong to argue that raters could be seen as interchangeable. In 

contrast, Boyle et al. (2017) challenged that structured clinical interviews may be replaced by 

self-completed problem checklists as a time- and cost-effective alternative. One basic criticism 

was that “the dependence on respondents in these interviews is similar to the dependence on 

respondents completing a checklist on their own except for the potential error introduced by 

interviewer characteristics and interviewer–respondent exchanges” (Boyle et al., 2017, p. 2). 

While we agree with this view inasmuch as clinical interviews should provide additional value 

to questionnaire data such as problem checklists, close inspection of our results revealed the 

following: Although we found moderate to large correlations between clinician and parent 

ratings, comparisons of the absolute scale scores revealed significant differences between the 

ratings on several scales. This indicates that both perspectives are complementary and that both 

are necessary for an informed clinical diagnosis. On top of that, similar recommendations are 

made by the German interdisciplinary evidence- and consensus-based (S3) guidelines on the 

clinical assessment of ADHD (Association of Scientific Medical Societies in Germany AWMF, 

2018). 

In terms of limitations, one drawback of the present study is that parents were the only 

informants for both the interview and the questionnaires. Hence, no information was available 

from the children themselves. However, we believe that this limitation is surmountable given 

that parents are typically better informants regarding their children’s externalizing behavior 

problems than their children.  

Another significant aspect to consider is the composition of the subsample for the 

analysis of IRR. We concede that the high base rate of ADHD diagnoses may have influenced 

interrater agreement. As percentages agreement do not correct for agreements that would be 
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expected by chance, they may overestimate the degree of agreement. In particular, the almost 

perfect percentages of agreement on some diagnoses rather seem to reflect an overestimation 

due to chance agreement and sampling issues.  

While agreement between parent and teacher ratings on childhood diagnoses is typically 

quite low (Willcutt et al., 2012), studies investigating interrater agreement between interviewers 

using clinical interviews yield higher estimates. We concede that these higher agreement 

estimates may be explained as follows: 1) Intensive rater trainings on the administration and 

scoring of a clinical interview may lead to more homogenous ratings, and thus, higher rates of 

agreement. 2) Within research settings, it is common practice to classify agreement on 

diagnoses based on raw interview item scores by symptom counts. However, this approach may 

overestimate diagnostic agreement because additional criteria for an informed clinical diagnosis 

are not further considered. 3) As the interviews are video- or audio-recorded, the interviewers 

and raters have the exact same informants (e.g. parents) with the exact same information. This 

approach results in higher agreement estimates compared to other forms of reliability, e.g. test-

retest reliability where the same informant is interviewed twice but may provide different 

information (Angold & Costello, 1995). 

Finally, the factor structure of the ILF-EXTERNAL has not yet been validated. While 

this clinical interview comprises a set of items with each item exploring a DSM-5 symptom 

criterion, it remains unclear whether this DSM-5-based factor structure can be replicated 

empirically. For this reason, a follow-up study exploring the factor structure of the ILF-

EXTERNAL using correlated factor models and bifactor models is planned. Nevertheless, it 

should be noted that the factor structure of the corresponding DISYPS parent forms, FBB-

ADHS and FBB-SSV, has been confirmed (Erhart et al., 2008; Görtz-Dorten et al., 2014).  

We suggest that future studies evaluating psychometric properties of structured clinical 

interviews should include ratings of symptom severity on the scale level as part of a dimensional 

approach. Ideally, specific aspects covering functioning and psychological strain could also be 

included.  

 

Conclusions 

The aim of this study was to assess the reliability and validity of a DSM-5-based, semi-

structured parent interview for diagnosing externalizing disorders in children and adolescents. 

In clinically referred, school-age children, the ILF-EXTERNAL demonstrates sound 

psychometric properties in terms of IRR on the item and on the scale level, rater agreement on 

most DSM-5 diagnoses, internal consistency, and convergent and divergent validity. In line 
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with current literature and the DSM practice to consider functional impairment as prerequisite 

for making a diagnosis, higher symptom severity was associated with a higher degree of 

functional impairment. Having developed a comprehensive set of clinical parent and patient 

interviews (DISYPS-ILF), we hope to contribute to a high-quality standard of diagnosing 

mental disorders in children and adolescents. 
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Table 1  

Sample characteristics  

 Subsample for the 

analysis of interrater 

reliability (n = 45) 

Total sample (N = 474) 

Age: mean (SD) 9.2 (1.6) 8.9 (1.5) 

Male: n (%) 34 (75.6) 382 (80.6) 

Diagnosis n (%)   

No ADHD diagnosis 1 (2.2) 32 (6.8) 

ADHD – combined type 28 (62.2) 208 (43.9) 

ADHD – predominantly inattentive type 14 (31.1) 184 (38.8) 

ADHD – predominantly hyperactive-impulsive type  2 (4.4) 50 (10.5) 

Comorbidities n (%)  n = 454 - 465 

Internalizing disorders:   

- Anxiety 2 (4.4) 29 (6.4)  

- Depression 2 (4.4) 15 (3.1)  

Externalizing disorders:   

- Oppositional defiant disorder 23 (51.1) 166 (36.6)  

- Disruptive mood dysregulation disorder 6 (13.3) 40 (8.8) 

- Conduct disorder 5 (11.1) 28 (6.2)  

Other disorders:   

- Obsessive-compulsive disorder 1 (2.2) 2 (0.4)  

- Tic disorder 4 (8.9) 24 (5.2)  

- Autism spectrum disorder 0 2 (0.4)  

Medication n (%)  n = 462 

ADHD medication  17 (37.8) 150 (32.5)  

Parents’ primary language n (%)  n = 458 

German 42 (93.3) 429 (93.7)  

Highest parents’ graduation n (%)  n = 455 

Higher-track school 24 (53.3) 261 (57.4)  

Vocational school 2 (4.4) 26 (5.7)  

Medium-track school 14 (31.1) 123 (27.0)  

Lower-track school 4 (8.9) 43 (9.5)  

Note. Clinical diagnoses of ADHD and comorbid externalizing disorders were based on the 

semi-structured clinical interview ILF-EXTERNAL conducted with the parents. Further 

comorbid symptoms were assessed using a clinical diagnostic checklist. ADHD = attention-

deficit/hyperactivity disorder. 
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Table 2 

Scale characteristics, Cronbach’s alpha () and range of item-total correlations of the ILF-

EXTERNAL 

 Total sample (N = 474)  Screening 

negatives (n = 32) 

Scale k 

(items) 
 Item-total r 

(range) 

Mean 

(SD) 

N  Mean (SD) n  

ADHD Symptoms 18 .84 .21 - .62 1.80 

(0.50) 

474  1.09 (0.51) 32 

- Inattention 9 .71 .29 - .49 1.95 

(0.48) 

474  1.35 (0.49) 32 

- Hyperactivity-Impulsivity 9 .87 .50 - .68 1.64 

(0.73) 

474  0.84 (0.62) 32 

ADHD Functional Impairment 5 .62 .24 - .48 1.61 

(0.59) 

472  1.03 (0.49) 31 

ODD/CD Symptoms - short 

version 

13 .84 .25 - .62 0.85 

(0.50) 

450  0.55 (0.55) 23 

- ODD Symptoms 8 .82 .41 - .61 1.12 

(0.63) 

451  0.78 (0.68) 24 

- CD Symptoms - short 

version 

5 .60 .22 - .47 0.40 

(0.43) 

450  0.22 (0.37) 23 

Disruptive Mood 

Dysregulation 

5 .83 .53 - .67 1.08 

(0.73) 

452  0.73 (0.65) 24 

Limited Prosocial Emotions 11 .77 .23 - .58 0.50 

(0.42) 

444  0.37 (0.30) 22 

ODD/CD Functional 

Impairment 

5 .86 .61 - .71 0.93 

(0.78) 

442  0.49 (0.73) 21 

Note. Screening negatives are participants who have been screened for eligibility of the 

ESCAschool study and are characterized by subclinical ADHD symptoms. ADHD = attention-

deficit/hyperactivity disorder; CD = conduct disorder; k = number of items which form a 

particular scale; ODD = oppositional defiant disorder. 
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Table 3 

Interrater reliability of the ILF-EXTERNAL scales 

Scale ICC(1,1) 95% CI ICC(1,3) 95% CI Pairwise percent 

agreement 

n 

ADHD Symptoms .91 .87 - .95 .97 .95 - .98 88.1 45 

- Inattention  .83 .74 - .90 .94 .89 - .96 85.2 45 

- Hyperactivity-Impulsivity  .95 .91 - .97 .98 .97 - .99 82.2 45 

ADHD Functional 

Impairment 
.89 .82 - .94 .96 .93 - .98 

80.7 39 

ODD/CD Symptoms - short 

version 

.94 .90 - .96 .98 .97 - .99 91.1 45 

- ODD Symptoms .94 .90 - .96 .98 .96 - .99 83.7 45 

- CD Symptoms - short 

version 

.90 .85 - .94 .97 .94 - .98 88.2 44 

Disruptive Mood 

Dysregulation 

.90 .85 - .94 .97 .94 - .98 83.7 45 

Limited Prosocial Emotions .93 .89 - .96 .98 .96 - .99 86.7 41 

ODD/CD Functional 

Impairment 
.92 .86 - .96 .97 .95 - .99 85.2 31 

Note. ADHD = attention-deficit/hyperactivity disorder; CD = conduct disorder; CI = confidence 

interval; ICC = intraclass correlation; ICC(1,1) = one-way random-effects, absolute agreement 

model for single rater/measurements; ICC(1,3) = one-way random-effects, absolute agreement 

model based on a mean-rating; ODD = oppositional defiant disorder. 
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Table 4 

Agreement on DSM-5 diagnoses in the subsample for the analysis of interrater reliability 

DSM-5 Diagnosis Fleiss’ 

Kappa 

95% CI Pairwise percent 

agreement 

Base rate 

n 

Any ADHD  .74 .74 - .75 100 44 

ADHD: combined type  .71 .70 - .71 86.7 29 

ADHD: predominantly inattentive type .74 .74 - .75 89.6 13 

ADHD: predominantly hyperactive-

impulsive typea  
.38 .37 - .38 

95.6 2 

Oppositional defiant disorder  .82 .82 - .83 91.1 24 

Disruptive mood dysregulation disorder  .55 .54 - .55 88.2 10 

Conduct disordera .94 .94 - .95 98.5 6 

- Specifier: Limited prosocial emotions .82 .81 - .82 91.1 18 

Note. The presence of a disorder was derived from the raw interview item scores by symptom 

counts.  
a Diagnostic agreement should be interpreted with caution due to a low base rate (n < 10). 

Sample size n = 45: ADHD = attention-deficit/hyperactivity disorder. 
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Table 5 

Comparisons of the ILF-EXTERNAL scales and the corresponding parent forms (FBB-ADHS, 

FBB-SSV)  

Scale ILF-

EXTERNAL: 

Mean (SD) 

FBB 

(parents): 

Mean (SD) 

r Paired samples 

t-test 

p n 

ADHD Symptoms 1.83 (0.48) 1.79 (0.56) .69* t(425) = 1.95 .051 426 

- Inattention 1.98 (0.45) 2.03 (0.57) .58* t(420) = -2.35 .019 421 

- Hyperactivity-Impulsivity 1.67 (0.71) 1.59 (0.73) .78* t(422) = 3.78 < .001 423 

ADHD Functional 

Impairment 

1.62 (0.57) 1.74 (0.69) .59* t(400) = -4.16 < .001 401 

ODD/CD Symptoms - short 

version 

0.84 (0.49) 0.97 (0.54) .74* t(411) = -6.84 < .001 412 

- ODD Symptoms 1.12 (0.63) 1.38 (0.70) .72* t(404) = -10.21 < .001 405 

- CD Symptoms - short 

version 

0.40 (0.43) 0.42 (0.44) .65* t(407) = -1.18 .260 408 

Disruptive Mood 

Dysregulation 

1.06 (0.72) 1.21 (0.72) .67* t(411) = -4.72 < .001 412 

Limited Prosocial Emotions 0.49 (0.41) 0.68 (0.54) .63* t(406) = -8.96 < .001 407 

ODD/CD Functional 

Impairment 

0.94 (0.78) 1.39 (0.82) .57* t(380) = -11.75 < .001 381 

Note. ADHD = attention-deficit/hyperactivity disorder; CD = conduct disorder; ODD = 

oppositional defiant disorder; ILF-EXTERNAL = Clinical Parent Interview for Diagnosing 

Externalizing Disorders in Children and Adolescents; FBB = parent-rated symptom checklists 

for the assessment of ADHD symptoms and symptoms of disruptive behavior disorders.  

* p < .001.
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Table 6 

Correlations of the ILF-EXTERNAL scales and the Child Behavior Checklist (CBCL/6-18) syndrome scales 

 CBCL/6-18  

 Anxious / 

Depressed 

Withdrawn / 

Depressed 

Somatic 

Complaints 

Social 

Problems 

Thought 

Problems 

Attention 

Problems 

Rule-

Breaking 

Behavior 

Aggressive 

Behavior 

Externalizing 

Problems 

Internalizing 

Problems 

Externalizing 

vs. Internalizing 

Problems 

Scale           z p 

ADHD 

Symptoms 

.21*** .02 .12* .37*** .26*** .31*** .38*** .50*** .49*** .17*** 6.65 < .001 

-Inattention .16*** .16*** .14** .29*** .21*** .39*** .29*** .32*** .33*** .19*** 2.79 .005 

-Hyperactivity-

Impulsivity 

.18*** -.07 .08 .31*** .21*** .17*** .32*** .47*** .44*** .10* 6.90 < .001 

ODD/CD 

Symptoms - 

short version 

.22*** .12* .15** .35*** .21*** .21*** .59*** .68*** .69*** .21*** 11.17 < .001 

-ODD 

Symptoms 

.24*** .13** .15** .35*** .21*** .21*** .52*** .64*** .64*** .23*** 9.27 < .001 

-CD Symptoms 

- short version 

.11* .06 .08 .24*** .14** .16** .56*** .54*** .58*** .11* 10.03 < .001 

Disruptive 

Mood 

Dysregulation 

.26*** .15** .13** .32*** .21*** .18*** .39*** .59*** .55*** .24*** 6.69 < .001 

Limited 

Prosocial 

Emotions 

.20*** .21*** .10* .29*** .21*** .25*** .44*** .43*** .46*** .22*** 4.99 < .001 

Note. sample size n = 407; ADHD = attention-deficit/hyperactivity disorder; CD = conduct disorder; ODD = oppositional defiant disorder; ILF-

EXTERNAL = Clinical Parent Interview for Diagnosing Externalizing Disorders in Children and Adolescents.  

*p < .05; **p < .01; ***p < .001
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4 Disentangling symptoms of externalizing disorders in children using 

multiple measures and informants 

 

Thöne, A.-K., Junghänel, M., Görtz-Dorten, A., Dose, C., Hautmann, C., Jendreizik, L. T., 

Treier, A.-K., Vetter, P., von Wirth, E., Banaschewski, T., Becker, K., Brandeis, D., 

Dürrwächter, U., Geissler, J., Hebebrand, J., Hohmann, S., Holtmann, M., Huss, M., 

Jans, T., Ketter, J., Legenbauer, T., Millenet, S., Poustka, L., Renner, T., Romanos, M., 

Uebel-von Sandersleben, H., Wenning, J., Ziegler, M., & Döpfner, M. (2021). 

Disentangling symptoms of externalizing disorders in children using multiple measures 

and informants. Psychol. Assess., 33(11), 1065-1079. 

https://doi.org/10.1037/pas0001053 

 

 

Copyright © American Psychological Association, 2021. This paper is not the copy of record 

and may not exactly replicate the authoritative document published in the APA journal. The 

final article is available, upon publication, at: https://doi.org/10.1037/pas0001053 

 

  

https://doi.org/10.1037/pas0001053


 

61 
 

Abstract 

The trait impulsivity theory suggests that a single, highly heritable externalizing liability 

factor, expressed as temperamental trait impulsivity, represents the core vulnerability for 

externalizing disorders. The current study sought to test the application of latent factor models 

derived from this theory to a clinical sample of children. Participants were 474 German children 

(age 6 - 12 years, 81% male) with symptoms of attention-deficit/hyperactivity disorder and 

externalizing behavior problems participating in an ongoing multicenter intervention study. 

Using confirmatory factor analyses (CFA) and exploratory structural equation modeling 

(ESEM), we evaluated several factor models of externalizing spectrum disorders 

(unidimensional; first-order correlated factors; higher-order factor; fully symmetrical bifactor; 

bifactor S-1 model). Furthermore, we assessed our prevailing factor models for measurement 

invariance across raters (clinicians, parents, teachers) and assessment modes (interview, 

questionnaires). While both CFA and ESEM approaches provided valuable insights into the 

multidimensionality, ESEM solutions were generally superior, since they showed a 

substantially better model fit and less biased factor loadings. Among the models tested, the 

bifactor S-1 CFA/ESEM models, with a general hyperactivity-impulsivity reference factor, 

displayed a statistically sound factor structure and allowed for straightforward interpretability. 

Furthermore, these models showed the same organization of factors and loading patterns, but 

not equivalent item thresholds across raters and assessment modes, highlighting cross-

situational variability in child behavior. Our findings are consistent with the assumption of the 

trait impulsivity theory that a common trait, presented as hyperactivity-impulsivity symptoms, 

underlies all externalizing disorders.  

 

Public significance statement: This study evaluated the factor structure of externalizing 

symptoms in children and found that a common trait, expressed as hyperactivity-impulsivity 

symptoms, may underlie all externalizing disorders. These findings are consistent with 

predictions derived from the etiological trait impulsivity theory and highlight the multifactorial 

structure of psychopathology. 

 

Keywords: externalizing disorders, ADHD, bifactor models, ESEM, trait impulsivity 

theory 
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Introduction 

Externalizing spectrum disorders encompass several mental disorders including 

attention-deficit/hyperactivity disorder (ADHD), oppositional defiant disorder (ODD), conduct 

disorder (CD) as well as substance use disorders and antisocial personality disorder 

(Beauchaine et al., 2017). Although the DSM-5 (American Psychiatric Association, 2013) 

categorizes these disorders as distinct phenomena, different lines of research provide support 

for common etiological mechanisms. Among individuals diagnosed with externalizing 

disorders, high rates of concurrent comorbidity (Angold et al., 1999; Costello et al., 2003) and 

heterotypic developmental continuity (Beauchaine & McNulty, 2013; Costello et al., 2003), as 

well as overlapping genetic and neural vulnerabilities (Andersson et al., 2020; Shen et al., 2020) 

indicate shared etiological pathways. The concept of an externalizing spectrum has therefore 

gained much attention and is further supported by the Hierarchical Taxonomy of 

Psychopathology perspective (HiTOP; Kotov et al., 2017). Moreover, the concept of an 

externalizing spectrum is consistent with the Research Domain Criteria (RDoC) initiative, 

highlighting a dimensional approach to mental disorders by focusing on transdiagnostic 

neurobiological vulnerabilities (Insel et al., 2010).  

The etiology of externalizing spectrum disorders has been conceptualized by the trait 

impulsivity theory as described by Beauchaine and colleagues (Beauchaine et al., 2017; 

Beauchaine & McNulty, 2013). According to this theory, trait impulsivity is assumed to arise 

from a dysfunction in the mesolimbic reward system and is expressed behaviorally as early-

onset symptoms of the hyperactive-impulsive and combined types of ADHD. In psychological 

terms, trait impulsivity manifests itself as a reduced delay discount, taking actions without 

further thought or planning ahead, and impairments in self-control (cf. Beauchaine et al., 2017). 

Depending on the presence of high-risk environmental factors, trait impulsivity increases the 

likelihood of developing ODD and CD in childhood as well as the likelihood, across 

development, of progressing to increasingly severe externalizing disorders such as substance 

use disorders and antisocial personality disorder (Beauchaine et al., 2017; Beauchaine & 

McNulty, 2013). It has to be acknowledged, however, that various definitions of impulsivity 

exist, which range from more specific operationalizations to personality-based accounts. While 

these definitions have merit in certain contexts, Beauchaine et al. (2017) prefer to define 

impulsivity using DSM-5 derived ADHD scales of hyperactivity-impulsivity (HI) symptoms 

over more circumscribed measures due to their hereditary nature (approximately .80), 

associations with well-replicated molecular and genetic neural substrates, and shared 

progression along the externalizing spectrum as an ontogenic process (Beauchaine et al., 2017; 
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Beauchaine & Hinshaw, 2020). Notably, symptoms of inattention (IN) are not included in 

Beauchaine et al.’s definition of trait impulsivity. This notion is consistent with genetic 

evidence that IN symptoms of ADHD are etiologically distinct from the HI and combined 

presentations of ADHD (for a meta-analysis, see Nikolas & Burt, 2010). 

 

The latent factor structure of externalizing spectrum disorders  

Traditionally, latent factors have been modeled using exploratory factor analysis (EFA) 

or confirmatory factor analysis (CFA). While EFA allows all items to freely load on different 

factors, the CFA approach restricts items to only load on their target factor, thereby constraining 

all cross-loadings to zero (Morin et al., 2016). One possible reason for the popularity of the 

CFA approach may be that it allows for the evaluation of an a priori defined factor structure 

using goodness-of-fit indices. The trait impulsivity theory offers several hypotheses regarding 

the latent factor structure of ADHD and ODD, as well as related externalizing disorders. First-

order correlated factor models provide initial insights into the mutual correlations among 

dimensions or disorders. Due to the hierarchical nature of the externalizing spectrum, higher-

order and bifactor models are of particular interest. In a higher-order factor model, the shared 

variance of the first-order factors (e.g. ADHD, ODD, CD) is accounted for by a second-order 

factor (e.g. externalizing factor). Hence, the general factor (g-factor) explains the common 

variance of the first-order specific factors (s-factors). However, the proportionality constraint, 

that is, the proportions of variance explained by the general and specific constructs being 

constrained to be the same, limits the value of higher-order models in providing insights into 

the relationship between general and specific facets of psychopathology (Gignac, 2016). By 

contrast, bifactor models are not limited by the proportionality constraint, since the unique 

contributions of the indicators of the g-factor and s-factors are directly teased apart (Gignac, 

2016). In a fully symmetrical bifactor model, all items directly load on a g-factor, i.e., the g-

factor accounts for variance in all item scores. In addition, several uncorrelated s-factors are 

modeled (Reise, 2012). These s-factors account for further unique variance in specific sets of 

items which is not attributable to the g-factor (see our application in Fig. 1). In other words, the 

interpretation of the s-factors differs between the higher-order and bifactor models, in that the 

s-factors in bifactor models are interpreted as residuals relative to the g-factor.  

In recent years, many research efforts have focused on examining the bifactor CFA 

structure of externalizing disorders in children, adolescents, and adults across community and 

clinical samples (Arias et al., 2018 see their Table 1 for 27 such studies). So far, only a handful 

of studies have examined bifactor models of ADHD and ODD symptoms together in clinical 
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(Martel et al., 2010; Rodenacker et al., 2018) and community samples (Burns et al., 2014; Lee 

et al., 2016). These studies found good model fit for bifactor models with a g-factor and two s-

factors (ADHD and ODD; Martel et al., 2010), three s-factors (ADHD IN, ADHD HI, and 

ODD; Burns et al., 2014; Rodenacker et al., 2018), or in conjunction with a separate factor for 

sluggish cognitive tempo (Lee et al., 2016). Rodenacker et al. (2018) preferred an incomplete 

bifactor model, excluding the s-factor ADHD HI. Overall, most studies considered a fully 

symmetrical bifactor model to offer a better conceptualization of externalizing 

psychopathology than competing factor models. For bifactor models of ADHD and/or ODD 

symptoms, several studies demonstrated measurement invariance across sample settings (e.g. 

Rodenacker et al., 2016), gender (Lee et al., 2016; Rodenacker et al., 2016, 2018), or informants 

(e.g. Burns et al., 2014).  

However, recent theoretical and empirical works have expressed concerns with regard 

to evaluating and interpreting a fully symmetrical bifactor model. These concerns include the 

bifactor model’s tendency for superior model fit, which may be a symptom of overfitting 

(Bonifay et al., 2017). Moreover, the meaning of the g-factor may not be comparable across 

studies, as it strongly depends on the items included in the analyses (Eid et al., 2017; Reise, 

2012). Furthermore, fully symmetrical bifactor models often yield anomalous or inadmissible 

parameter estimates (e.g. negative variance estimates, negative factor loading estimates), which 

impede a meaningful interpretation of the respective factors (Eid et al., 2017; Heinrich et al., 

2020). On top of this, omega factor reliability coefficients, which many studies failed to take 

into account, reveal that s-factors are often weakly defined or even vanish empirically (Arias et 

al., 2018; Rodriguez et al., 2016). For example, Arias et al. (2018) conducted further analyses 

on published ADHD/ODD bifactor studies and found that s-factors often did not acquire 

sufficient stability to represent empirically interpretable constructs. These results particularly 

concerned the HI or hyperactivity s-factors and were most apparent in community samples. 

Similar difficulties with the fully symmetrical bifactor model have also been reported for 

various psychological constructs (Eid et al., 2017; Heinrich et al., 2020; see also Rodriguez et 

al., 2016 for a critical evaluation of such studies). Overall, these issues cast doubt on fully 

symmetrical bifactor models and their clinical significance when examining the structure of 

psychological constructs.  

One approach that seeks to resolve the concerns raised above is the bifactor S-1 model, 

which was derived from the perspective of stochastic measurement theory (see Eid et al., 2017, 

for the formal background). In contrast to a fully symmetrical bifactor model, in a bifactor S-1 

model, one first-order factor is a priori defined as the general reference factor, rendering g-
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factors comparable across studies. For the items of the general reference factor, no s-factor is 

modeled (see Fig. 1). The remaining symptoms are contrasted statistically against the general 

reference factor. Specific factors are thus interpreted as residual factors, i.e. they represent true 

score variance not being shared with the general reference factor (Burns et al., 2020a; Eid et 

al., 2017). The decision for a general reference factor should be theoretically derived or 

correspond to a reference facet of special interest (Eid, 2020). Burns et al. (2020a) were the first 

to apply a bifactor S-1 model to ADHD and ODD symptom ratings. Based on theoretical 

assumptions of the trait impulsivity theory, the authors modeled HI as the general reference 

factor, while the IN and ODD symptoms were represented by specific residual factors. Burns 

et al. (2020a) found that their bifactor S-1 model provided excellent model fit to parent and 

teacher ratings and resolved anomalous findings related to their fully symmetrical bifactor 

model. In a reanalysis of the data presented by Rodenacker et al. (2018), Junghänel et al. (2020) 

were able to replicate the findings of Burns et al. (2020a) in a clinical sample of children with 

externalizing behavior problems. That is, applying a bifactor S-1 model to parent ratings of 

ADHD and ODD symptoms resolved anomalous findings related to the associated fully 

symmetrical bifactor model and allowed for an unambiguous interpretation, which was 

consistent with predictions of the trait impulsivity theory. 

Since CFA has been increasingly criticized for its approach of constraining item cross-

loadings to zero, which may not constitute a realistic proposition, exploratory structural 

equation modeling (ESEM) has been developed (Marsh et al., 2014; Morin et al., 2016). ESEM 

combines the advantages of EFA (allowing cross-loadings) and CFA (a priori model 

specification; model fit indices), and can also be applied to bifactor models (assessing general 

and specific factors). Thus, ESEM offers a state-of-the-art analysis technique to disentangle the 

underlying sources of construct-relevant psychometric multidimensionality (Morin et al., 

2016). With regard to its application to externalizing symptoms, ESEM has proven to be 

effective for validating ADHD/ODD instruments (Burns et al., 2013) and examining the latent 

factor structure in ADHD adults (Gomez et al., 2021). Furthermore, bifactor ESEM models 

offered a better solution than bifactor CFA models for ADHD teacher ratings of preschool 

children (Arias et al., 2016) and in an ADHD adult community sample (Gomez & Stavropoulos, 

2020). By contrast, Rodenacker et al. (2017) compared CFA and ESEM models across 

informants and could not find consistent evidence for the ESEM solutions in clinically referred 

children.  

Overall, five general findings emerge from the literature, namely that (1) fully 

symmetrical bifactor models have often mistakenly been chosen as the “winning” model, 
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despite serious statistical and interpretational difficulties; (2) bifactor S-1 models may offer a 

promising alternative to fully symmetrical bifactor models for disentangling the factor structure 

of externalizing spectrum disorders; (3) ESEM is an advanced method to provide valuable 

insights into the multidimensionality of psychological constructs; (4) more research using 

clinical interviews, which represent the gold standard for diagnosing mental disorders, is of 

particular interest and importance; and (5) more empirical research is needed that includes 

further symptoms in addition to ADHD and ODD in order to cover a broader range of the 

externalizing spectrum. 

 

Aim of the study 

The purpose of our study was to systematically test the underlying factor structure of 

externalizing symptoms using CFA and ESEM models. Following current evidence, we 

considered not only ODD symptoms as defined by the DSM-5, but also symptoms of affective 

dysregulation, as proposed in the subtype ODD with chronic irritability/anger (ODD-AD; 

Evans et al., 2017). In addition, we included CD and callous-unemotional (CU) symptoms in 

order to extend previous research and enhance the understanding of the externalizing spectrum. 

To the best of our knowledge, this is the first study to examine hypotheses regarding the latent 

factor structure of ADHD, ODD, CD, and CU symptoms derived from the trait impulsivity 

theory in a clinical sample of children. Beyond this, we evaluated the factor reliability using 

omega coefficients and tested the measurement invariance of general and specific facets of 

externalizing symptoms across raters or informants (clinicians, parents, teachers) and 

assessment modes (interview, questionnaires). 

 

Hypotheses  

We evaluated several factor models of externalizing spectrum disorders 

(unidimensional; first-order correlated factors; higher-order factor; fully symmetrical bifactor; 

bifactor S-1 model) obtained from CFA and ESEM measures (see Fig. 1). In line with the results 

of previous studies on the structure of ADHD and ODD symptoms (Arias et al., 2018), and due 

to the comorbidity among externalizing disorders (Angold et al., 1999; Costello et al., 2003), 

we expected that our first-order CFA and ESEM models would provide a better model fit than 

the unidimensional CFA model. Furthermore, we assumed that our ESEM models would 

provide a more realistic solution than CFA due to the fallible nature of indicators (Morin et al., 

2016) as well as previously observed cross-loadings between externalizing symptoms (Arias et 

al., 2016; Burns et al., 2013; Gomez et al., 2021; Gomez & Stavropoulos, 2020; Rodenacker et 
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al., 2017). Moreover, we proposed that our higher-order and bifactor CFA/ESEM models would 

be more adequate than our first-order factor models because they incorporate the coexistence 

of global and specific constructs (Morin et al., 2016), which is in line with the trait impulsivity 

theory (Beauchaine et al., 2017). Additionally, we expected our bifactor S-1 CFA/ESEM 

models with HI as the general reference factor to resolve possible problematic results associated 

with the fully symmetrical bifactor models (Burns et al., 2020a; Heinrich et al., 2020). Our 

decision to select HI as the general reference factor was based on theoretical assumptions from 

the trait impulsivity theory (Beauchaine et al., 2017; Beauchaine & McNulty, 2013) and 

empirical studies on the application of a bifactor S-1 model to ADHD/ODD symptom ratings 

(Burns et al., 2020a; Junghänel et al., 2020). Finally, we hypothesized that our prevailing factor 

models would be invariant across different raters or informants, as this was previously found 

for the factor structure of ADHD and ODD symptoms (Burns et al., 2014, 2020a), and 

additionally across assessment modes (interview, questionnaires). 

 

Methods 

Participants and procedure 

Data for the current analyses were derived from the ongoing ESCAschool multicenter 

study (ESCAschool: Evidence-based, Stepped Care of ADHD in school-aged children), which 

is part of the ESCAlife research consortium. A total of nine study centers located in Germany 

(Cologne, Essen, Göttingen, Hamm, Mainz, Mannheim, Marburg, Tübingen, Würzburg) 

participated ESCAschool. The ESCAschool study investigates an evidence-based, 

individualized, stepwise- intensifying treatment program based on behavioral and 

pharmacological interventions for children who meet criteria for an ADHD diagnosis according 

to the DSM-5. Further details on the background and procedures, including inclusion and 

exclusion criteria, are outlined in (Döpfner et al., 2017). For the present study, the following 

informants were considered: clinicians, parents, and teachers. We analyzed baseline data (i.e. 

before any intervention) of 474 school-age children (age range 6 - 12 years, M = 8.9, SD = 1.5, 

81% males). The screening to check the participants’ eligibility for the multicenter study was 

based on the Clinical Parent Interview for Externalizing Disorders in Children and Adolescents 

(ILF-EXTERNAL; Görtz-Dorten et al., 2022) and is described elsewhere (Thöne et al., 2020). 

The baseline data set also included children who did not meet criteria for an ADHD diagnosis 

(i.e. screening negatives of the ESCAschool study; n = 32, 72% males). These screening 

negatives were characterized by subclinical ADHD symptomatology (Thöne et al., 2020). 

Clinical diagnoses of ADHD and externalizing disorders were based on the interview ILF-
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EXTERNAL. All clinicians assessed comorbid symptoms other than externalizing disorders 

using a clinical diagnostic checklist (DCL-SCREEN) from the German Diagnostic System of 

Mental Disorders in Children and Adolescents based on the ICD-10 and DSM-5 (DISYPS-III; 

Döpfner & Görtz-Dorten, 2017). The participants’ clinical and demographic characteristics are 

reported in Table 1. All parents, children, and teachers were informed verbally and received 

information sheets about the ESCAschool study. All parents and all children gave their assent 

and written informed consent and, likewise, all teachers provided their written informed consent 

for study participation. Ethical approval was obtained by each participating study site separately 

(Döpfner et al., 2017).  

 

Measures  

The children’s parents or primary caregivers underwent the ILF-EXTERNAL, a semi-

structured diagnostic interview based on the DSM-5, which is part of the DISYPS-III (Döpfner 

& Görtz-Dorten, 2017). Each item is rated by the clinicians on a 4-point Likert scale ranging 

from 0 (age-typical / not at all) to 3 (very much), with higher scores reflecting greater symptom 

severity. Further details on the administration and scoring are reported in Thöne et al. (2020). 

The ILF-EXTERNAL assesses IN symptoms (nine items) and HI symptoms (nine items) 

according to the DSM-5 to evaluate an ADHD diagnosis. Furthermore, the ILF-EXTERNAL 

assesses ODD symptoms (eight items), CD symptoms (15 items), disruptive mood 

dysregulation symptoms (five items in total; two items assessing affective dysregulation and 

three items assessing irritability/anger associated with ODD), and CU symptoms (11 items). 

The CD items evaluating aggressive and antisocial symptoms in participants aged 11 years or 

older were excluded from further analyses due to obvious floor effects. Psychometric 

evaluations support the interrater reliability [scale level: ICC(1,1) = .83 - .95; ICC(1,3) = .94 - 

.98] as well as the convergent and divergent validity of the ILF-EXTERNAL scale scores 

(Thöne et al., 2020). In the current sample, internal consistencies (Cronbach’s alpha: .60 ≤ α ≤ 

.87) and item-total correlations (.22 ≤ rit ≤ .68) were generally satisfactory to good (see Table 

S1). 

The German Symptom Checklist for Attention-Deficit/Hyperactivity Disorder (FBB-

ADHS) and the Symptom Checklist for Disruptive Behavior Disorders (FBB-SSV) from the 

DISYPS-III (Döpfner & Görtz-Dorten, 2017) were completed by the parents and teachers. 

These symptom checklists provide symptom scales identical to those in the ILF-EXTERNAL. 

All items are rated on a 4-point Likert scale ranging from 0 (age-typical / not at all) to 3 (very 

much). The FBB-ADHS assesses IN symptoms (nine items) and HI symptoms (11 items). The 
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FBB-SSV assesses ODD symptoms (eight items), AD symptoms (six items, three of which also 

assess ODD symptoms), CD symptoms (16 items), and CU symptoms (11 items). Some of 

these symptoms are divided into an (a) and a (b) item, i.e. the respective symptom is assessed 

by two items. As the evaluation of measurement invariance requires the same set and number 

of items, we excluded two items of the FBB-ADHS (B03b extreme internal restlessness; B05a 

permanently extremely restless) and two items of the FBB-SSV SSV (B01a starts fights with 

siblings; D01a severe temper outbursts) from the analysis. Thereby, we retained that item which 

was more closely associated with the corresponding item from the ILF-EXTERNAL. 

Moreover, similarly to the ILF-EXTERNAL, the aggressive and antisocial items from the CD 

symptoms (items: B06 – B15) were also excluded. Psychometric evaluations support the 

reliability and validity of the FBB-ADHS scale scores (Döpfner et al., 2008; Erhart et al., 2008) 

and the FBB-SSV scale scores (Görtz-Dorten et al., 2014). Descriptive information for 

clinician, parent, and teacher ratings in the current sample is summarized in Table S1. 

 

Statistical analyses 

Model estimation: Graphical representations of the factor models considered in this 

study are depicted in Fig. 1. Regarding our CFA models, items only loaded on their respective 

factor, while cross-loadings were restricted to zero. Regarding our ESEM models, items freely 

loaded on their target factor, whereas cross-loadings were estimated to be as close to zero as 

possible with the oblique target rotation (first-order correlated factors; bifactor S-1 model) or 

the orthogonal target rotation (fully symmetrical bifactor model) procedure (Morin et al., 2016). 

The higher-order ESEM model was estimated using ESEM-within-CFA (Morin & Asparouhov, 

2018). 

All latent construct analyses were performed using Mplus version 8.4 for Mac (L. K. 

Muthén & Muthén, 2017). Given the ordinal structure of our data (4-point Likert scale), the 

weighted least squares means and variance adjusted estimator (WLSMV; Delta 

parameterization) was chosen. The WLSMV was specifically proposed for ordinal data, mainly 

because it does not make distributional assumptions about the observed items (C. H. Li, 2016). 

Missing data were handled using pairwise present analysis, as this is the default in Mplus for 

WLSMV (L. K. Muthén & Muthén, 2017). The amount of missing data per item varied from 

0% (IN, HI), through 5% (ODD-AD, CD), to 6% (CU). Covariance coverage was greater than 

94% for each item of the ILF-EXTERNAL.  
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Evaluating model fit: Global goodness of fit was assessed using the χ2 test of exact 

model fit, the comparative fit index (CFI), the Tucker-Lewis index (TLI), the root mean square 

error of approximation (RMSEA) with corresponding 90% confidence intervals, and the 

standardized root mean square residual (SRMR). Model fit was considered as acceptable when 

RMSEA and SRMR were ≤ .08, and as good when CFI and TLI were ≥ .95 and RMSEA and 

SRMR were ≤ .05 (Hooper et al., 2008; Hu & Bentler, 1999). Considering that the χ2 test is 

overly sensitive to sample size, more weight was given to CFI, TLI, RMSEA, and SRMR. 

Nevertheless, we wish to emphasize that these fit indices should only be interpreted as rough 

guidelines and that the statistical and theoretical conformity of the factor models should be 

considered as well (cf. Morin et al., 2016). In addition, the Akaike information criterion (AIC) 

and the Bayesian information criterion (BIC) were calculated using maximum likelihood 

estimation with robust standard errors (MLR) and Monte Carlo simulation (1,500 integration 

points) to evaluate whether one model provides a better fit than another. These information 

criteria compare competing models, and balance improvement in model fit against 

overparameterization, with smaller values being preferred (cf. Burnham & Anderson, 2004). 

So far, it is not possible to calculate AIC and BIC using MLR estimator with categorical 

indicators from ESEM models in Mplus. Therefore, we had to calculate AIC and BIC without 

the categorical command for all factor models to ensure that AIC and BIC were comparable 

across CFA and ESEM models. 

The explained common variance was computed to evaluate the degree of 

unidimensionality of our bifactor models. For the g-factor, explained common variance is the 

ratio of variance explained by the g-factor divided by the variance explained by the g-factor 

plus the s-factors (Reise, 2012). In addition, we calculated omega factor reliability coefficients 

to evaluate whether the g-factor and s-factors truly represent the target constructs of interest 

(Rodriguez et al., 2016). Coefficient omega ω (McDonald, 1999; Revelle & Zinbarg, 2009) 

assesses the amount of variance in item scores attributable to the g-factor and the s-factors taken 

together. Moreover, omega hierarchical general ωH (McDonald, 1999; Zinbarg et al., 2005) 

expresses the amount of variance attributable to the g-factor, and omega hierarchical subscale 

ωS (Reise et al., 2013) displays the amount of variance attributable to an s-factor. As such, ωS 

provides an estimate of how much reliable variance exists beyond that due to the g-factor and 

whether it is reasonable to interpret s-factors. 

On the item level, consistency and specificity measures were obtained for our bifactor 

S-1 CFA model. While consistency refers to the amount of true score variance in each symptom 
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accounted for by the g-factor, specificity represents the amount of true score variance in each 

symptom attributable to a specific domain (Eid et al., 2017). 

 

Measurement invariance 

The prevailing models were tested for measurement invariance (Meredith, 1993; 

Vandenberg & Lance, 2000) across raters or informants (clinicians, parents, teachers) and 

assessment modes (interview, questionnaires). Configural invariance examines whether the 

basic model configuration (i.e. the same items belonging to the same factors) is the same in 

both groups. Metric invariance additionally requires equal item loadings across groups. Scalar 

invariance additionally requires item intercepts to be the same across groups. Difference tests 

for CFI, TLI, RMSEA, and SRMR were used to evaluate whether the imposed constraints were 

invariant across groups (WLSMV estimator; Theta parameterization). The same 

aforementioned cut-off values were considered as valid to assess configural invariance. 

Additionally, it has been suggested that a change in CFI of ≤ -.01 (Cheung & Rensvold, 2002), 

a change in SRMR of ≤ .30 for metric invariance or a change in SRMR of ≤ .01 for scalar 

invariance (F. F. Chen, 2007), or equal or better fit of TLI and RMSEA (Marsh et al., 2010), 

indicate that two models have equivalent fit. 

 

Results 

Factor analytic evaluations 

Goodness-of-fit indices of the alternative factor models for clinician ratings are 

summarized in Table 2. Additional findings regarding parent and teacher ratings can be found 

in the supplement (Tables S9 – S15).  

Regarding our unidimensional model, model fit indices did not meet the aforementioned 

cut-off criteria, resulting in a relatively poor model fit. These results indicate that models with 

correlated factors may provide more insights into the multidimensionality of the externalizing 

spectrum. Indeed, we found that our first-order ESEM/CFA models provided a better model fit 

than our unidimensional model in terms of model fit indices and information criteria. 

Furthermore, all standardized CFA factor loadings and ESEM target factor loadings were 

significant (Table S2).  

With respect to our first-order CFA and ESEM solutions, we found lower factor 

correlations for ESEM (|r| = .07 to .36, M = .26) than CFA (|r| = .30 to .75, M = .47; Table S3). 

Examining ESEM factor loadings revealed well-defined factors with overall substantial target 
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factor loadings (|λ| = .21 to 1, M = .55; Table S2). Similarly, several significant cross-loadings 

were present, mostly involving the CU items, although few loadings were substantial (> .20).  

Since our higher-order and bifactor CFA/ESEM models incorporate the coexistence of 

a g-factor and s-factors, we proposed that they would be more adequate for modeling 

externalizing symptoms. However, model fit indices of the higher-order CFA model were only 

marginally acceptable, indicating that this model might not capture the data in the most ideal 

way. Examining the factor correlations revealed that the second-order factor explained a lot of 

the shared correlations between the first-order factors (|r| = .54 to .86, M = .70; Table S4), 

although moderate to high residual variances from the first-order factors were present (σ2 = .28 

to .70, M = .50), indicating that a considerable amount of variance was not shared with the 

second-order factor. Regarding our higher-order ESEM model, model estimation resulted in a 

better representation of the data than CFA according to improvement in fit indices. These results 

support that relevant cross-loadings are present, supporting the need to rely on ESEM. 

Moreover, the superiority of the CFA/ESEM higher-order models further support the 

appropriateness of incorporating hierarchically superior constructs. 

Our fully symmetrical bifactor CFA model demonstrated adequate model fit. However, 

this model produced some anomalous results yielding a small, negative residual variance (σ2 = 

-.05) of one item in the CD factor (item B02: bullies, threatens, or intimidates). Although we 

carefully checked modification indices and tried fixing the negative variance to zero, the 

resulting model could not be properly estimated. Our fully symmetrical bifactor ESEM model 

demonstrated a well-defined g-factor with mostly substantial factor loadings (|λ| = .09 to .72, 

M = .42; Table S5). Over and above the g-factor, the s-factors were well-defined through mostly 

substantial target factor loadings (|λ| = .06 to .79, M = .44) and omega factor reliability 

coefficients (ωS = .23 to .70) suggesting that they indeed tap into relevant specificity and add 

information to the g-factor. Notably, only a small number of substantial cross-loadings (> .20) 

could be observed, indicating that items have very little overlap between the different 

constructs. Despite the many advantages a bifactor ESEM model offers, one serious caveat still 

remains, namely the interpretation of the g-factor (Eid et al., 2017; further discussed below).  

Given the drawbacks of fully symmetrical CFA/ESEM bifactor models, we constructed 

bifactor S-1 CFA/ESEM models with a general HI reference factor. Both bifactor S-1 models 

demonstrated adequate model fit and both models resulted in a well-defined general reference 

factor (CFA: (|λ| = .01 to .79, M = .36; ESEM: |λ| = .05 to .78, M = .40) and s-factors (CFA: |λ| 

= .25 to .79, M = .54; ESEM: |λ| = .16 to .86, M = .46; Table S6). Residual factor correlations 

can be interpreted meaningfully as partial correlations (CFA: (|r| = .10 to .67, M = .38; ESEM: 
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(|r| = .01 to .27, M = .16; Table S7), as the theoretical rationale behind the bifactor S-1 model 

does not assume that the g-factor accounts for all common variance (Eid et al., 2017). Omega 

factor reliability coefficients further supported the bifactor S-1 CFA/ESEM models for the g-

factor (CFA: ωH = .67; ESEM: ωH = .73) and the s-factors (CFA: ωS = .56 to .75; ESEM: ωS = 

.24 to .73). These results demonstrate that a substantial amount of reliable variance exists 

beyond that attributable to the g-factor, and indicate that the s-factors can be interpreted reliably 

in both bifactor S-1 models. Consistency and specificity values for each symptom item from 

the bifactor S-1 CFA model show that while some true score variance was associated with the 

general HI reference factor, more true score variance for all symptoms was associated with their 

respective s-factor (Table S8). Overall, both bifactor S-1 models provided a statistically valid 

factor structure, which can be interpreted in a straightforward manner and is consistent with the 

trait impulsivity theory. We conclude that both the more parsimonious bifactor S-1 CFA model 

and the more realistic ESEM solution offered the best conceptualization of externalizing 

spectrum disorders. 

 

Measurement invariance 

Given that we considered our bifactor S-1 CFA/ESEM models as the optimally fitting 

models for our symptoms of externalizing disorders due to their statistical and theoretical 

conformity, we next tested these models for measurement invariance across raters or informants 

(clinicians, parents, teachers) and assessment modes (interview, questionnaires). For both 

bifactor S-1 CFA/ESEM models, we found that metric invariance, but not scalar invariance, 

was supported (Table 3). These results imply that the bifactor S-1 CFA/ESEM models present 

the same organization of factors and loading patterns as well as equal item loadings and cross-

loadings across groups, but there is some variation in the individual item thresholds across 

groups. In other words, we note discrepancies across raters and informants with regard to 

individual symptom severity across settings.  

 

Discussion 

This study tested the underlying factor structure of externalizing symptoms in clinically 

referred children using CFA and ESEM models. When comparing our CFA and ESEM models, 

the ESEM solutions were generally superior, since they showed a substantially better model fit 

and more interpretable, less biased factor loadings and lower factor correlations. Generally, 

when this is the case, ESEM is considered a better model than CFA as it results in a clearer 

differentiation between the factors (Marsh et al., 2014; Morin et al., 2016). These findings fit 
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well with the increasing support for ESEM models, which may provide a more realistic 

representation of externalizing symptoms (Arias et al., 2016; Gomez et al., 2021; Gomez & 

Stavropoulos, 2020; Rodenacker et al., 2017). As outlined in the introduction and demonstrated 

in this study, CFA might often be overly restrictive in that items must only load on their target 

factors, but not on other, conceptually related factors (Marsh et al., 2014; Morin et al., 2016).  

In terms of model fit indices, the fully symmetrical bifactor ESEM model demonstrated 

the best model fit and resolved anomalous parameter estimates related to its CFA counterpart. 

These observed statistical anomalies related to the bifactor CFA model are consistent with 

methodological concerns expressed by Eid (2017) and empirical work showing a variety of 

anomalous results associated with the application of fully symmetrical bifactor models to 

externalizing symptoms (Arias et al., 2018; Burns et al., 2020a; Rodenacker et al., 2018). We 

acknowledge that bifactor ESEM models provide an advanced, powerful analysis technique for 

modeling the fallible nature of indicators and construct-relevant psychometric 

multidimensionality due to hierarchically superior constructs (Morin et al., 2016). However, 

we would also like to call attention to one serious drawback of bifactor models, namely that the 

meaning of a g-factor varies across studies and with that the meaning of the s-factors, since they 

are defined in terms of residual variance related to the g-factor (Eid et al., 2017; Reise, 2012). 

For example, a g-factor of the externalizing spectrum changes its meaning depending on the 

number of domains included in the respective study, thus impeding the comparability across 

studies. This causes considerable problems relating to the synthesis of research through 

literature reviews, meta-analyses, or replication studies (Eid et al., 2017; Reise, 2012). 

For these reasons, we also constructed bifactor S-1 CFA and ESEM models with a 

general HI reference factor (Burns et al., 2020a; Eid et al., 2017). Our decision to choose HI as 

reference factor was guided by previous research (Burns et al., 2020a; Junghänel et al., 2020) 

and by the trait impulsivity theory which states that “hyperactive–impulsive symptoms of 

ADHD are the purest behavioral manifestations of trait impulsivity” (Beauchaine et al., 2017, 

p. 347). Both bifactor S-1 models demonstrated appropriate model fit, but more importantly, 

displayed a statistically sound factor structure and unambiguous and meaningful 

interpretability. Although cross-loadings were present in the ESEM model, these did not 

undermine the definitions of the s-factors. Moreover, some of the cross-loadings seem 

reasonable given that they tap into similar aspects of the target constructs (e.g. items loading 

onto ODD-AD and CD s-factors). These novel insights are in line with other recent studies 

which applied the bifactor S-1 CFA model to ADHD/ODD symptoms in community (Burns et 

al., 2020a) and clinical samples of children and adolescents (Junghänel et al., 2020). Notably, 
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our study extends these previous findings by considering a wider range of externalizing 

symptoms and incorporating ESEM models. Compared to Burns et al. (2020a), we found lower 

loadings on the general reference factor and, accordingly, higher loadings on the s-factors. 

Furthermore, our consistencies of the items were lower and, accordingly, the specificities were 

higher. Moreover, all s-factors explained a higher amount of reliable variance than they did in 

the aforementioned community sample (Burns et al., 2020a). The observed differences may be 

attributable to a broader range of externalizing symptoms in our models or to different 

manifestations of externalizing symptomatology in clinical versus community samples. It is 

conceivable that s-factors explain more reliable variance in clinical samples due to greater 

response variability (see also Burns et al., 2014; Lee et al., 2016; Rodenacker et al., 2016, 2018). 

Our results were quite similar to those of Junghänel et al. (2020), thus supporting our argument 

that s-factors might account for more reliable variance in clinical settings.  

With regard to CU symptoms, we observed low, and some non-significant, factor 

loadings on the general reference factor and high loadings on the s-factor in our bifactor S-1 

CFA and ESEM models. Accordingly, item consistencies were low and item specificities were 

high in the CFA model. This finding is of clinical relevance because it suggests that CU 

symptoms may capture different aspects of the externalizing spectrum. For instance, it has been 

proposed that increased CU traits in children and adolescents with aggressive/antisocial 

problems may designate a subgroup that is especially severe and violent, with a poor prognosis 

regarding treatment outcome (Frick et al., 2014a, 2014b). In other words, children and 

adolescents with increased CU traits may exhibit different profiles (e.g. in terms of biological, 

cognitive, emotional, and social characteristics) compared to aggressive/antisocial youth 

without increased CU traits, suggesting that these two subgroups may benefit from different 

psychotherapeutic interventions (Frick et al., 2014a, 2014b). 

In a final step, we evaluated our bifactor S-1 CFA/ESEM models’ measurement 

invariance. We found that scalar invariance was not confirmed, indicating that individual 

symptom severity differs across settings. These findings are of particular interest since cross-

informant discrepancies had been theorized to reflect some kind of invalidity or rater bias (for 

a review, see De Los Reyes et al., 2013). However, there is growing recognition that such 

informant discrepancies may rather reflect how children’s behavior varies meaningfully across 

settings (e.g. at school vs. at home). Hence, it may be more reasonable to assume that different 

informants will provide diverging estimates of children’s symptom severity. In fact, a large-

scale meta-analysis (De Los Reyes et al., 2015) demonstrated low to moderate correspondence 

(externalizing symptoms: r = .30) across multiple informants (parents, teachers, self-reports). 
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Likewise, reporter-specific variance across parents and teachers was reported in children with 

ADHD (Vitoratou et al., 2019) and externalizing behavior problems (King et al., 2018). As 

synthesized by Martel et al. (2017), there seem to be various explanations for cross-informant 

discrepancies, including cross-situational variability in child behavior, differential demands 

across contexts, individual perspective of raters, different attributions of child behavior, rater’s 

characteristics (e.g. psychopathology), visibility of behavior (e.g. overt vs. covert), and 

externally generated rating bias. Consequently, an emerging consensus in the field is that such 

cross-informant discrepancies should be “embrace[d], not erase[d]” (Dirks et al., 2012, p. 

558).  

With regard to future directions of modeling the factor structure of psychopathology, 

some authors have raised important issues about the application of bifactor S-1 models (J. D. 

Burke & Johnston, 2020; Willoughby, 2020). These issues involve (1) overfitting of the bifactor 

S-1 model similar to the fully symmetrical bifactor model, (2) arbitrary selection of different 

reference facets, (3) questions about the interpretation of the g-factor, (4) additional value of 

the bifactor S-1 model, (5) application of the bifactor S-1 model to item-level data, and (6) 

application of bifactor models to find a general psychopathology factor (J. D. Burke & 

Johnston, 2020; Burns et al., 2020b; Willoughby, 2020). Burns et al. (2020b) thoroughly 

addressed these issues in a well-thought-out response clarifying these six issues as follows: (1) 

In the event that overfitting may be a concern, a restricted bifactor S-1 model can be estimated. 

This restricted model results in the same number of parameters and exact model fit as the 

correlated first-order factors model, thereby avoiding the danger that the bifactor S-1 model 

may be undeservedly chosen as the “better” model. (2) It is important to carefully consider a 

priori which facet should serve as reference, because changing the reference facet will change 

the interpretation of results. Burns et al. (2020b) explain that this reasoning can be related to 

changing the reference group in regression analysis, which affects the interpretation of 

regression coefficients. (3) Notably, the g-factor in a fully symmetrical bifactor model changes 

its meaning from a general to a specific factor when one s-factor collapses or when indicators 

have zero factor loadings on their s-factors (Burns et al., 2020a). As collapsing HI factors have 

often been reported (cf. Arias et al., 2018), the resulting g-factor turns into a facet-specific HI 

factor. (4) Applying a bifactor S-1 model can answer different research questions than the fully 

symmetrical bifactor model, providing additional value. For example, the factor structure 

within ODD symptoms could be disentangled by modeling HI symptoms as the general 

reference domain, with specific ODD irritability and defiant residual factors. (5) Problems 

related to the fully symmetrical bifactor model are not limited to item-level (symptom) data but 
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occur whenever a fully symmetrical bifactor model is used with structurally different facets or 

raters (Eid et al., 2017). (6) Although the desire to find a general factor of psychopathology 

may be understandable, Burns et al. (2020b) discourage the use of fully symmetrical bifactor 

models for this research purpose for the reasons outlined above. Instead, the authors highlight 

that a bifactor S-1 model yields a g-factor with well-defined meaning across studies, and may 

enhance our view on psychopathology.  

In terms of limitations, our clinical sample mainly includes children with an ADHD 

diagnosis (94%). Hence, this sample does not capture the full spectrum of externalizing 

disorders, but rather represents a sample of different ADHD subtypes with varying severity and 

associated externalizing behavior problems. Therefore, our results require replication in more 

representative samples of externalizing spectrum disorders. In this regard, it would also be 

informative to include more severe externalizing disorders (e.g. antisocial behavior, substance 

use) into the externalizing spectrum (Krueger et al., 2007). Ideally, future studies should also 

include longitudinal data in order to track the developmental trajectory of externalizing 

spectrum disorders. In addition, analyzing the relationship between different facets and external 

criterion variables would provide further value and demonstrate the prevailing model’s practical 

relevance (e.g. Burns et al., 2020a). 

Moreover, it should be noted that latent factor models based solely on behavioral 

symptoms cannot provide etiological insights given the complexity of neurobiological 

vulnerabilities and neural circuitries. Nevertheless, we believe that consistency with predictions 

derived from etiological theories is an important step toward a dimensional model of mental 

disorders. We therefore encourage future research to evaluate multiple units of analysis within 

the RDoC framework (Beauchaine & Hinshaw, 2020; Insel et al., 2010). Such research would 

not only shed new light on the hierarchical factor structure of mental disorders but would also 

be highly relevant for advancing more target-oriented psychotherapeutic interventions.  

Finally, our findings may also have implications for the organization of externalizing 

disorders within diagnostic classification systems. In the DSM-5, ADHD is categorized in the 

neurodevelopmental disorders section, whereas ODD and CD are found in the disruptive, 

impulse-control, and conduct disorders category. Furthermore, disruptive mood dysregulation 

disorder is categorized as a standalone diagnosis in the section on depressive disorders, 

although this is subject to contentious debate among clinicians and researchers (Evans et al., 

2017). Placing these mental disorders into different categories seems to imply different 

etiological processes. However, as indicated by etiological theories (Beauchaine et al., 2017; 

Beauchaine & McNulty, 2013), genetic research (Andersson et al., 2020; Shen et al., 2020), 
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and factor analytic accounts within our study and previous work (Burns et al., 2014, 2020a; 

Junghänel et al., 2020; Lee et al., 2016; Rodenacker et al., 2018), separating disorders across 

DSM-5 categories may hinder transdiagnostic research, thereby slowing down potential 

diagnostic and therapeutic advances. 

Conclusion 

The current study was informed by the trait impulsivity theory and aimed to elucidate 

the latent factor structure of externalizing disorders using CFA and ESEM models. While both 

CFA and ESEM approaches provided valuable insights into the multidimensionality of the 

externalizing spectrum, ESEM solutions were generally superior, since they showed a 

substantially better model fit and more interpretable, less biased factor loadings and lower 

factor correlations. Among the models tested, the bifactor S-1 CFA and ESEM models, with a 

general HI factor and four specific residual factors (symptoms of IN, ODD-AD, CD, CU) 

provide a psychometrically sound and clearly interpretable conceptualization of symptoms of 

externalizing spectrum disorders in clinically referred children. These models demonstrate the 

same organization of factors and loading patterns, but not equivalent item thresholds across 

raters and informants, highlighting cross-situational variability in child behavior. Furthermore, 

our findings are consistent with predictions derived from the etiological trait impulsivity theory, 

which assumes an externalizing liability, expressed as temperamental trait impulsivity, to 

represent the core vulnerability for externalizing disorders. Our study, which links factor 

analytic accounts of symptoms to etiological models, enriches the understanding of the 

dimensional and multifactorial structure of psychopathology in children. 
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Table 1 

Sample characteristics 

 Total Sample (N = 474) 

Age Mean (SD) 8.9 (1.5) 

Male n (%) 382 (81) 

Primary Diagnosis n (%)  

No ADHD diagnosis 32 (7) 

ADHD – combined type 208 (44) 

ADHD – predominantly inattentive type 184 (39) 

ADHD – predominantly hyperactive-impulsive type  50 (11) 

Comorbidities n (%) n = 454 - 465 

Internalizing disorders:  

- Anxiety 29 (6)  

- Depression 15 (3)  

Externalizing disorders:  

- Oppositional defiant disorder 166 (37)  

- Conduct disorder 28 (6)  

- Disruptive mood dysregulation disorder 40 (9) 

Other disorders:  

- Obsessive-compulsive disorder 2 (< 1)  

- Tic disorder 24 (5)  

- Autism spectrum disorder 2 (< 1)  

Medication n (%) n = 462 

ADHD medication  150 (33)  

Parents’ Primary Language n (%) n = 458 

German 429 (94)  

Parents’ Highest Educational Attainment n (%) n = 455 

Higher-track school 261 (57)  

Vocational school 26 (6)  

Medium-track school 123 (27)  

Lower-track school 43 (10)  

Note. Clinical diagnoses of ADHD and externalizing behavior disorders were based on the 

semi-structured Clinical Parent Interview for Externalizing Disorders in Children and 

Adolescents (ILF-EXTERNAL) conducted with the parents. Additional comorbid symptoms 

were evaluated using a clinical diagnostic checklist. ADHD = attention-deficit/hyperactivity 

disorder.
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Table 2 

Goodness-of-fit statistics and information criteria for alternative factor models of the externalizing spectrum 

Model 2 (df) CFI TLI RMSEA (90% CI) SRMR AIC a BIC a 

Unidimensional 3535.343* (902) .721 .707 .078 (.076, .081) .109 47773.523 48322.803 

First-Order CFA 1646.250* (892) .920 .915 .042 (.039, .045) .072 46160.296 46751.187 

First-Order ESEM 1230.448* (736) .948 .933 .038 (.034, .041) .050 45985.638 47225.678 

Higher-Order CFA 1752.630* (897) .909 .904 .045 (.042, .048) .076 46179.307 46749.393 

Higher-Order ESEM  1228.856* (741) .948 .934 .037 (.034, .041) .050 45989.849 47209.082 

Bifactor CFA 1548.872* (858) .927 .919 .041 (.038, .044) .069 45970.805 46703.177 

Bifactor ESEM  1103.364* (697) .957 .952 .035 (.031, .039) .045 45897.184 47299.511 

Bifactor S-1 CFA 1595.585* (861) .922 .914 .042 (.039, .046) .068 46143.283 46863.172 

Bifactor S-1 ESEM 1230.481* (736) .948 .933 .038 (.034, .041) .050 45985.638 47225.678 

Note. df = Degrees of freedom; CFI = Comparative fit index; TLI = Tucker-Lewis index; RMSEA = Root mean square error of approximation; CI = 

Confidence interval; SRMR = Standardized root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information criterion; 

CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling. 
a Information criteria were calculated using maximum likelihood estimation with robust standard errors (MLR) for continuous indicators to ensure 

that AIC and BIC were comparable across CFA and ESEM models. *p < .001. 
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Table 3 

Measurement invariance results for the bifactor S-1 CFA model and bifactor S-1 ESEM solution 

Model Clinicians vs. Parents Clinicians vs. Teachers Parents vs. Teachers All Informants Combined 

 2 (df) CFI TLI RMSEA SRMR 2 (df) CFI TLI RMSEA SRMR 2 (df) CFI TLI RMSEA SRMR 2 (df) CFI TLI RMSEA SRMR 

      Bifactor S-1 CFA      

Configural 3384.494* 
(1722) 

.930 .923 .046 (.044, 
.049) 

.066 3384.069* 
(1560) 

.925 .917 .056 (.054, 
.059) 

.071 3599.219* 
(1560) 

.927 .919 .061 (.059, 
.064) 

.070 5114.124* 
(2340) 

.927 .919 .055 (.053, 
.057) 

.068 

Metric 3186.080* 

(1796) 

.941 .938 .041 (.039, 

.044) 

.071 3267.329* 

(1630) 

.932 .929 .052 (.049, 

.055) 

.078 3228.595* 

(1630) 

.943 .939 .053 (.050, 

.056) 

.075 4709.459* 

(2489) 

.941 .939 .048 (.046, 

.050) 

.075 

Scalar 3784.040* 

(1923) 

.921 .923 .046 (.044, 

.048) 

.072 3661.379* 

(1751) 

.921 .922 .054 (.052, 

.057) 

.079 3500.526* 

(1751) 

.937 .938 .054 (.051, 

.056) 

.076 5559.225* 

(2722) 

.925 .929 .052 (.050, 

.054) 

.077 

      Bifactor S-1 ESEM      

Configural 2576.827* 

(1472) 

.953 .940 .041 (.038, 

.043) 

.047 2364.365* 

(1322) 

.957 .944 .046 (.043, 

.049) 

.046 2551.849* 

(1322) 

.956 .942 .052 (.049, 

.055) 

.043 3667.875* 

(1983) 

.955 .942 .047 (.044, 

.049) 

.045 

Metric 2518.025* 
(1667) 

.964 .959 .034 (.031, 
.036) 

.055 2479.722* 
(1507) 

.960 .954 .042 (.039, 
.045) 

.059 2407.475* 
(1507) 

.968 .963 .041 (.038, 
.045) 

.055 3679.525* 
(2353) 

.965 .961 .038 (.036, 
.040) 

.059 

Scalar 2925.832* 

(1794) 

.952 .949 .037 (.035, 

.040) 

.060 2923.710* 

(1628) 

.946 .943 .046 (.044, 

.049) 

.061 2662.748* 

(1628) 

.963 .961 .043 (.040, 

.046) 

.057 4532.936* 

(2595) 

.949 .949 .044 (.042, 

.046) 

.062 

Note. Clinician ratings were based on the Clinical Parent Interview for Externalizing Disorders in Children and Adolescents (ILF-EXTERNAL). 

Parents and teachers completed symptom checklists for the assessment of ADHD symptoms and symptoms of disruptive behavior disorders (FBB-

ADHS; FBB-SSV). For comparison with teacher ratings, two items (B03: Cruel to animals, B05: Steals without confrontation) were omitted due to 

zero variance. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; df = Degrees of freedom; CFI = Comparative 

fit index; TLI = Tucker-Lewis index; RMSEA = Root mean square error of approximation; CI = Confidence interval; SRMR = Standardized root 

mean square residual. 

n = 474 (Clinicians); n = 428 (Parents); n = 267 (Teachers).  

*p < .001. 
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Figure 1 

Factor models of externalizing spectrum disorders 

 

Note. Graphical representation of the factor models considered in this study. Full unidirectional 

arrows represent the target factor loadings and dashed unidirectional arrows represent the cross-

loadings. Item numbers are displayed in the boxes and residuals are not shown for clarity of 

presentation. CFA = confirmatory factor analysis; ESEM = exploratory structural equation 

modeling; IN = inattention (9 items: A01–A09); HI = hyperactivity–impulsivity (9 items: B01–

B09); ODD-AD = oppositionality with chronic irritability/anger (10 items: A01–A08; D01–

D02); CD = conduct disorder (5 items: B01–B05); CU = callous–unemotional (11 items: C01a–

C04d). A short description of each item is provided in Table S2. 
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5 Identifying symptoms of ADHD and disruptive behavior disorders most 

strongly associated with functional impairment in children: A 

symptom‑level approach 
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Abstract 

Objective: To enhance the understanding of how symptoms of attention-deficit/hyperactivity 

disorder (ADHD) and disruptive behavior disorders such as oppositional defiant disorder 

(ODD), conduct disorder (CD), including callous-unemotional (CU) traits, differentially relate 

to functional impairment (FI). Methods: Participants were 474 German school-age children 

(age: M = 8.90, SD = 1.49, 81% male) registered for participation in the ESCAschool trial 

(ESCAschool: Evidence-based, Stepped Care of ADHD in school-aged children). Clinicians 

assessed the severity of individual symptoms and five FI domains specifically associated with 

ADHD symptoms or ODD/CD/CU symptoms using a semi-structured clinical interview. We 

conducted two multiple linear regression analyses, combined with relative importance analyses, 

to determine the impact of individual symptoms on global FI associated with ADHD and 

ODD/CD/CU symptoms. Next, we estimated two networks and identified the strongest 

associations of ADHD symptoms or ODD/CD/CU symptoms with the five FI domains. Results: 

Symptoms varied substantially in their associations with global FI. The ADHD symptom Easily 

Distracted (15%) and ODD symptom Argues with Adults (10%) contributed most strongly to 

the total explained variance. FI related to academic performance, home life and family 

members, and psychological strain were most strongly associated with ADHD inattention 

symptoms, whereas FI related to relationships with adults and relationships with children and 

recreational activities were most strongly associated with hyperactivity-impulsivity symptoms. 

By comparison, the ODD/CD/CU symptoms most closely linked to FI domains originated from 

the ODD and CD dimensions. Conclusions: Our findings contribute to a growing body of 

literature on the importance of analyzing individual symptoms and highlight that symptom-

based approaches can be clinically useful. 

 

Keywords: functional impairment; attention-deficit/hyperactivity disorder; oppositional 

defiant disorder; conduct disorder; callous-unemotional traits; network analysis 
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Introduction 

Attention-deficit/hyperactivity disorder (ADHD) and disruptive behavior disorders such 

as oppositional defiant disorder (ODD) and conduct disorder (CD) with its specifier for callous-

unemotional (CU) traits are common and highly impairing mental disorders in childhood and 

adolescence (Herpers et al., 2012; Polanczyk et al., 2015). In the field of disruptive behavior 

disorders, symptoms of affective dysregulation have gained increasing attention in recent years. 

Yet, diagnostic classification systems still disagree in the assignment to diagnostic categories. 

While symptoms of affective dysregulation are conceptualized as core to the diagnosis of 

disruptive mood dysregulation disorder (DMDD) diagnosis in the 5th edition of the Diagnostic 

and Statistical Manual of Mental Disorders (American Psychiatric Association, 2013) and in 

the 10th edition of the International Classification of Diseases (ICD-10; World Health 

Organization, 1993), the ICD-11 (World Health Organization, 2019) confines to adding a 

specifier for chronic irritability/anger to the ODD diagnosis because of the difficulty in 

empirically distinguishing DMDD from other mental disorders, particularly ADHD and ODD 

(Evans et al., 2017; Lochman et al., 2015). According to both classification systems, the 

diagnosis of any of these mental disorders requires the presence not only of symptoms with a 

certain frequency and severity, but also of functional impairment (FI). Although symptoms and 

FI are often interrelated, they are not identical (Palermo et al., 2008). FI manifests across a wide 

range of domains and can be defined as “the extent of restriction in a child’s ability to perform 

important daily life activities including physical, social, and personal activities due to their 

health condition or to specific symptoms” (Palermo et al., 2008, p. 984). For example, the 

presence and severity of symptoms may interfere with children’s ability to attend school or to 

maintain friendships. In fact, many children and adolescents or their parents seek help because 

of FI rather than the presence of symptoms (Epstein & Weiss, 2012). Studies assessing the 

relationship between symptoms and FI have yielded mostly moderate associations (reviewed 

by Rapee et al., 2012). In line with this, not all individuals meeting the symptom criteria for an 

ADHD or ODD/CD diagnosis demonstrate FI as a result of their symptoms, while others with 

only subthreshold symptoms may show marked levels of impairment (Arildskov et al., 2022; 

DuPaul et al., 2014; A. Pickles et al., 2001). The assessment of FI is not only important for 

making diagnoses and verifying the need for treatment, but also for treatment planning, 

identifying maintaining factors of psychiatric symptoms and treatment targets, and evaluating 

treatment success (DuPaul, 2022; Haack & Gerdes, 2011; Winters et al., 2005). Therefore, 

measures of FI provide important additional information to measures of symptoms. 

 



 

89 
 

Relationship between symptom dimensions and functional impairment domains 

Previous studies have demonstrated considerable variability in how symptom 

dimensions (e.g. ADHD inattention, hyperactivity-impulsivity) relate to various domains of FI. 

With regard to ADHD, the findings generally suggest that the inattention dimension is 

especially associated with academic impairment (Garner et al., 2013; Massetti et al., 2008; 

Willcutt et al., 2012; Zoromski et al., 2015). By comparison, the ADHD hyperactivity-

impulsivity dimension generally shows the strongest associations with impaired social 

functioning, e.g. in the form of classroom disruption or peer exclusion (Garner et al., 2013; 

Willcutt et al., 2012). In terms of symptoms of disruptive behavior disorders, previous findings 

generally suggest that a greater severity of ODD problems is particularly related to impaired 

relationships with peers and family members (J. D. Burke et al., 2014; Dose et al., 2019; 

Kernder et al., 2019). Similarly, CD problems were found to predict workplace problems in 

young adults (J. D. Burke et al., 2014), and CU traits were found to predict impaired social 

functioning in children (Haas et al., 2018). Notably, most of these associations remained 

significant after controlling for demographic factors and comorbid symptoms (J. D. Burke et 

al., 2014; Garner et al., 2013; Haas et al., 2018; Massetti et al., 2008; Power et al., 2017; Willcutt 

et al., 2012). 

Yet, despite the growing body of literature on FI associated with symptoms of ADHD 

and disruptive behavior disorders, there is still a need for clarification regarding the relationship 

between individual symptoms and different domains of FI. For example, it remains unclear 

whether certain symptoms are more impairing than others, and if so, what the relative 

importance of these symptoms is compared to other symptoms. This gap in the research is 

highly clinically relevant given the large variability in the symptoms experienced by patients 

(Mota & Schachar, 2000; Zoromski et al., 2015). 

 

Relationship between individual symptoms and global functional impairment 

To address this need for clarification, some studies have investigated the impact of 

individual symptoms, rather than symptom dimensions, on global FI. With respect to ADHD, 

Mota and Schachar (2000) suggested that some individual ADHD symptoms, including, for 

example, the teacher-rated leaves seat and the parent-rated blurts out, predict global FI in 

children better than other symptoms. In a more recent study, Zoromski et al. (2015) examined 

teacher ratings and found that certain symptoms of inattention (i.e. does not listen during early 

childhood, does not follow through during adolescence) and certain symptoms of hyperactivity-

impulsivity (i.e. on the go during early childhood, leaves seat during middle childhood, 
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interrupts or intrudes during adolescence) showed the most robust relationships with classroom 

impairment. Regarding other externalizing behavior problems, research has shown that 

particularly ODD symptoms reflecting irritability (e.g. anger and temper outbursts) are 

associated with FI in children (Kolko & Pardini, 2010; Wesselhoeft et al., 2019) and that these 

symptoms predict greater FI than do other symptoms, even after controlling for other mental 

disorders (Dougherty et al., 2015). While this previous work has provided valuable insights into 

the relationship between symptoms and FI, additional exploration is needed. In particular, in 

previous studies, ratings for various domains of FI were combined into an overall, global score 

(Dougherty et al., 2013, 2015; Mota & Schachar, 2000) or the assessment of impairment was 

limited to classroom settings (Zoromski et al., 2015). A more nuanced approach, which 

considers the associations between individual symptoms and different FI domains in more 

detail while simultaneously accounting for ADHD as well as ODD, CD, and CU symptoms 

within a common approach, could help to enhance the understanding of these probably complex 

interrelations. 

 

Network analysis 

Network analysis offers such a more nuanced approach, which could potentially 

uncover individual symptom relations and associations with different FI domains (Borsboom 

& Cramer, 2013). From a network perspective, mental disorders are conceptualized as networks 

of mutually interacting symptoms (Borsboom & Cramer, 2013). Psychological networks may 

be depicted as structures comprising nodes (e.g. symptoms, FI domains), which are connected 

via edges (e.g. positive or negative associations). Some nodes can have a more dominant, 

central position in a network, for example, as expressed by stronger connections with other 

nodes (Borsboom & Cramer, 2013; Epskamp et al., 2018). Moreover, network analysis helps 

to uncover the unique strongest connections between nodes by relying on regularized partial 

correlations. This approach is somewhat similar to conducting multiple linear regressions at 

once, but with the advantage of reducing the risk of false positives (Epskamp & Fried, 2018). 

Hence, it is possible to determine which individual symptom shows the strongest association 

with a particular FI domain. 

In recent years, many studies have applied network analysis to investigate how 

symptoms of different mental disorders are interrelated, particularly in the fields of anxiety and 

mood-related disorders (reviewed by Contreras et al., 2019). In the field of externalizing 

disorders, network analysis has been applied to symptoms of ADHD (Burns et al., 2022; Goh 

et al., 2020; Goh, Martel, et al., 2021; Martel et al., 2016, 2021; Preszler et al., 2020; Silk et al., 



 

91 
 

2019), ODD (Smith et al., 2017), or ADHD and ODD together (Martel, Levinson, et al., 2017; 

Preszler & Burns, 2019), to CU traits (Bansal et al., 2020; Deng et al., 2021), and to CU traits 

in conjunction with ODD and CD (Bansal et al., 2021), in samples ranging from preschool age 

to adulthood. Furthermore, a recent study explored the relations between ADHD symptoms, 

executive functioning, and temperament traits, and found support for the primary role of 

effortful control as a potential risk marker for the characterization of ADHD across childhood 

and adolescence (Goh, Smith, et al., 2021). 

To the best of our knowledge, so far, only three studies have focused on the associations 

between ADHD symptoms and different FI domains using network analysis (Burns et al., 2022; 

Goh et al., 2020; Goh, Martel, et al., 2021). Goh et al. (2020) explored individual ADHD and 

sluggish cognitive tempo symptoms and their relations with multiple domains of FI in a 

nationally representative sample of 1,742 children and adolescents (age: M = 11.51, SD = 3.36, 

range 6 – 17 years). The results revealed that in particular, the following eight symptoms were 

related to various FI domains and especially to the domains of academic and social impairment: 

difficulties following through on instructions, inability to stay seated, acting without thinking, 

impatience, disinhibition, apathy/withdrawal, slowness, and lacking initiative. Similarly, Goh, 

Martel, et al. (2021) explored individual ADHD symptoms (with an expanded impulsivity set) 

and their relations with multiple FI domains using network analysis and random forest 

regression in a nationally representative sample of 1,249 adults. The results from both 

techniques revealed that in particular, three inattention symptoms (difficulty organizing, does 

not follow through, makes careless mistakes) and one hyperactivity symptom (difficulty 

engaging in leisure activities) were strongly associated with global FI and FI, especially in the 

domains of social and interpersonal relationships, and difficulties maintaining structure in daily 

life. Finally, Burns et al. (2022) applied network and latent variable models to mother, father, 

and teacher ratings of ADHD inattention symptoms, sluggish cognitive tempo, and depressive 

symptoms in a sample of 2,142 Spanish children (age range 8–13 years; M = 10.30, SD = 1.21). 

Most interestingly, across all three sources, the same two ADHD inattention symptoms 

difficulty keeping attention focused during tasks and avoids, dislikes or is reluctant to engage 

in tasks that require sustained mental efforts showed unique relations with academic 

impairment. To summarize, each of these network studies uncovered important aspects of 

psychopathology, including the mutual associations among symptoms and the centrality of 

symptoms in a mental disorder network. However, the important role of FI has rarely been 

considered. To our knowledge, no study to date has identified which individual ADHD, ODD, 

CD, and CU symptoms show the strongest associations with particular domains of FI in a 
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clinical sample of school-age children, in whom the associations between symptoms and 

impairments are probably more pronounced and relevant than in a community sample 

(Borsboom, 2017). 

 

The present study 

The overall aim of this study was to enhance the understanding of how individual 

symptoms of ADHD and disruptive behavior disorders (i.e. ODD, CD, CU symptoms) may 

differentially relate to global FI and to FI in the five domains of psychological strain; home life 

and family members; relationships with adults; relationships with children and recreational 

activities; and academic performance. We extended previous research according to four 

important aspects: (a) We assessed FI domains specifically related to ADHD symptoms and, 

likewise, specifically related to ODD/CD/CU symptoms. (b) Consistent with current evidence, 

we included not only symptoms of ODD, but also affective dysregulation symptoms, as 

suggested in the ICD-11 for the subtype ODD with chronic irritability/anger (Evans et al., 2017; 

World Health Organization, 2019). (c) We provided another rater perspective (i.e. clinician 

ratings), since structured clinical interviews may be considered as the gold standard for 

diagnosing mental disorders (Rettew et al., 2009). (d) We extended previous findings by using 

a clinical sample of school-age children. 

First, we determined the impact of individual ADHD symptoms or ODD/CD/CU 

symptoms, respectively, on global FI using linear regression, combined with relative 

importance analyses. In line with the results of previous studies, we assumed that the ADHD 

symptoms leaves seat, blurts out, interrupts, or organizational skills (Goh, Martel, et al., 2021; 

Mota & Schachar, 2000; Zoromski et al., 2015) and the ODD-related symptoms of irritability, 

such as loses temper, touchy, or angry (Dougherty et al., 2013; Wesselhoeft et al., 2019) would 

have the highest impact on global FI. Second, we estimated two psychological networks to 

identify the unique strongest associations between individual ADHD symptoms or 

ODD/CD/CU symptoms, respectively, and multiple FI domains. For the ADHD network, we 

expected that the symptoms most strongly associated with academic FI would originate from 

the inattention domain (Burns et al., 2022; Garner et al., 2013; Goh et al., 2020; Massetti et al., 

2008; Willcutt et al., 2012; Zoromski et al., 2015), while symptoms most strongly associated 

with social impairment would originate from the hyperactivity-impulsivity domain (Garner et 

al., 2013; Goh, Martel, et al., 2021; Willcutt et al., 2012). For the ODD/CD/CU network, we 

expected the symptoms most strongly associated with academic FI to originate from the CD 

domain (J. D. Burke et al., 2014), the symptoms most strongly associated with impaired home 
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life and family members and with relationships with adults to originate from the ODD or CD 

domain (Dose et al., 2019; Kernder et al., 2019), and the symptoms most strongly associated 

with impaired relationships with children to originate from the ODD or CU domain (J. D. Burke 

et al., 2014; Dose et al., 2019; Haas et al., 2018; Kernder et al., 2019). 

 

Methods 

Participants and procedure 

Data for the present analyses were collected within the ESCAschool study 

(ESCAschool: Evidence-based, Stepped Care of ADHD in school-aged children), which is part 

of the ESCAlife consortium and involves multiple study sites in Germany. The ESCAschool 

study was designed to investigate an evidence-based, individualized, stepwise- intensifying 

treatment program for children diagnosed with ADHD, which is based on behavioral and 

pharmacological interventions.  

Children and their families were eligible for participation if the child met diagnostic 

criteria for ADHD according to the DSM-5, was aged between 6;0 and 11;11 years, and 

attended school. The following exclusion criteria were applied: child IQ < 80; a child diagnosis 

of a pervasive developmental disorder, schizophrenia, bipolar disorder, severe depressive 

episode, epilepsy, or heart disease; insufficient German language or reading skills of the 

parents; a current or planned behavior therapy for child ADHD or ODD occurring at least 

weekly; a known non-response of the child to all standard ADHD medication; and psychotropic 

medication of the child other than for the treatment of ADHD/antipsychotic medication other 

than for the treatment of disturbances of impulse control. Further details on the background and 

procedures are outlined in the study protocol (Döpfner et al., 2017). 

The present study analyzed baseline data (i.e., data collected before any intervention) of 

474 children (M = 8.90, SD = 1.49; 81% males). The screening to check whether the participants 

met the diagnostic criteria for ADHD relied on the DSM-5-based Clinical Parent Interview for 

Externalizing Disorders in Children and Adolescents [Interview-Leitfaden für Externale 

Störungen] (ILF-EXTERNAL; Görtz-Dorten et al., 2022; see Measures section). If children 

were receiving ADHD medication prior to the study, parents described their child’s behavior 

with and without medication. For the present analyses, we investigated the children’s 

symptomatology without medication.  

Clinical diagnoses of ADHD, ODD, CD, and CU symptoms were based on the interview ILF-

EXTERNAL according to the DSM-5. In addition, to assess comorbid symptoms, all clinicians 

applied a clinical diagnostic checklist (DCL-SCREEN) from the Diagnostic System for Mental 
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Disorders in Children and Adolescents based on the ICD-10 and DSM-5 [Diagnostik-System 

für psychische Störungen nach ICD-10 und DSM-5 für Kinder und Jugendliche - III] (DISYPS-

III; Döpfner & Görtz-Dorten, 2017). The sample used in the present study also included 

children who did not fulfill DSM-5 criteria for an ADHD diagnosis. These screening negatives 

(n = 32, 72% males) were characterized by subclinical ADHD symptoms (Thöne et al., 2020). 

The ESCAschool study was registered at the German Clinical Trials Register (identifier: 

DRKS00008973).  

 

Measures 

Clinical Parent Interview for Externalizing Disorders in Children and Adolescents (ILF-

EXTERNAL) 

The ILF-EXTERNAL is part of the German semi-structured Interview for Diagnosing 

Mental Disorders According to the DSM-5 in Children and Adolescents [Interview-Leitfäden 

zum Diagnostik-System für psychische Störungen nach DSM-5 für Kinder und Jugendliche] 

(DISYPS-ILF; Görtz-Dorten et al., 2022) and comprises two interview sections. The first 

section assesses ADHD criteria and the second assesses criteria for ODD, CD, including CU 

traits according to the DSM-5.  

In terms of ADHD criteria, the ILF-EXTERNAL measures inattention symptoms (nine 

items), hyperactivity-impulsivity symptoms (nine items), and FI associated with ADHD 

symptoms (five items) in the domains of home life and family members, relationships with 

adults, relationships with children and recreational activities, academic performance, and 

psychological strain.  

In terms of ODD, CD, and CU criteria, the ILF-EXTERNAL assesses ODD symptoms 

(eight items), CD symptoms (15 items), disruptive mood dysregulation symptoms (five items 

in total; two items assessing affective dysregulation and three items assessing irritability/anger 

associated with ODD), CU symptoms (11 items) and, resembling the ADHD section, 

functioning and psychological strain associated with these symptoms (five items). 

Following a semi-structured interview format, clinicians rate each item on a 4-point 

Likert scale ranging from 0 (age-typical / not at all), to 3 (very much), with higher scores 

reflecting higher symptom severity. Item scores of 2 and higher are interpreted as clinically 

relevant and considered to fulfill the DSM-5 symptom criteria. It should be noted that the ILF-

EXTERNAL captures the full set of diagnostic criteria for a given mental disorder (i.e. each 

item explores a DSM-5 symptom criterion), thereby avoiding issues associated with skip outs 

in symptom networks (Hoffman et al., 2019). However, for the present analyses, we excluded 
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the CD items assessing aggressive and antisocial symptoms, which are recommended for use 

in participants aged 11 years or older, due to obvious floor effects. 

Interview training. All interviewers involved in the recruitment of patients for the 

ESCAschool study were trained psychologists or educators with a master's degree, doctoral 

students, or in training to become a child and adolescent psychotherapist/psychiatrist. The 

interviewers received standardized training on how to administer and score the ILF-

EXTERNAL, which included viewing a practice video. Finally, all interviewers were given 

guidance by supervisors if they experienced any difficulties in scoring the ILF EXTERNAL. 

Psychometric properties of the ILF-EXTERNAL. Psychometric evaluations 

revealed a good to excellent interrater reliability [intraclass correlation (ICC) on the scale level: 

ICC(1,1) = .83 - .95; ICC(1,3) = .94 - .98] as well as convergent and divergent validity of the 

ILF-EXTERNAL scale scores with parent ratings of the respective constructs (Thöne et al., 

2020). Furthermore, the basic factorial configuration of the ILF-EXTERNAL scale scores was 

confirmed (Thöne et al., 2021). In the current sample, internal consistencies (Cronbach’s alpha: 

.60 ≤ α ≤ .87) and item-total correlations (.22 ≤ rit ≤ .68) of the corresponding scales were, for 

the most part, satisfactory to good (see Table S1). The internal consistencies of the ADHD FI 

scale (α = .62) and the CD scale (α = .60) were somewhat below the satisfactory range. The 

following items demonstrated item-total correlations below rit = .30: A01 Careless, A06 

Concentration (both ADHD symptoms), F05 Interferes with Educational Activities (FI related 

to ADHD), B03 Cruel to Animals, B05 Steals Without Confrontation (both CD items), C04c 

Manipulates (CU item). However, excluding any of these items did not noticeably change the 

Cronbach’s alpha of the respective scales.  

Multicollinearity and missing data checks. Since symptoms of ADHD and, likewise, 

ODD/CD/CU symptoms are usually correlated with each other, we performed multicollinearity 

checks using the variance inflation factor. The variance inflation factor did not exceed the cut-

off value of 5 for any symptom (Table S2), indicating no considerable multicollinearity 

problems (Craney & Surles, 2002). The amount of missing data per item is reported in Table 

S2 and varied from 0% (ADHD symptoms) through 5% (ODD, CD symptoms) to 6% (CU 

symptoms) and 7% (FI related to ODD/CD/CU symptoms). 

 

Data analytic plan 

First, we performed two multiple linear regression analyses, combined with relative 

importance analyses, in order to estimate the impact of individual symptoms on global FI. 

Second, we estimated two networks, one comprising ADHD symptoms and FI and the other 
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comprising ODD/CD/CU symptoms and FI. Both networks included five FI domains (nodes 

F01 – F05), which were specifically associated with symptoms of ADHD or ODD/CD/CU, 

respectively. Descriptive statistics were calculated using SPSS version 27. The network and 

regression analyses were carried out using the R statistical software version 4.0.3 in RStudio 

1.3.1093 for macOS. 

 

Multiple linear regressions and relative importance analysis 

To examine the impact of individual symptoms on global FI, we computed the average 

score across the five FI domains (F01 – F05) associated with ADHD or ODD/CD/CU 

symptoms, respectively. We used the 18 ADHD symptoms and the 26 ODD/CD/CU symptoms, 

respectively, as predictors of global FI in a multiple linear regression model, additionally 

controlling for age and gender as covariates. An a priori power analysis using G-Power 3.1 

(Faul et al., 2009) yielded a required sample size of n = 222 for the ADHD model and n = 253 

for die ODD/CD/CU model, respectively, assuming a moderate effect size (𝑓2 = 0.15), a power 

of .95 and a significance level of 5%. Next, we allocated unique R2 shares (i.e., proportion of 

explained variance) to each regressor to determine how much unique variance each individual 

symptom shared with global FI. We used the R package RELAIMPO (Grömping, 2006) which 

provides several metrics for assessing relative importance in linear models. The recommended 

metric is lmg (like in Lindeman, Merenda, and Gold, 1980) which estimates the importance of 

each regressor by splitting the total R2 into one non-negative R2 share per regressor. These non-

negative R2 shares sum up to the total R2. To estimate the importance of each regressor, the 

contribution of each predictor at all possible entry points into the model is calculated and the 

average of these contributions is taken (i.e., an estimate for each variable is obtained by 

computing as many regressions as there are possible orders of regressors, and then the average 

of the individual R2 values across all models is taken). The relative importance estimates were 

then adjusted to add up to 100% to facilitate their interpretation.  

Then, we compared two multiple linear regressions models for the ADHD and 

ODD/CD/CD symptoms, respectively (for a similar analysis, please see Fried & Nesse, 2014). 

In the first model (unconstrained model), all regression weights for symptoms were free to vary, 

whilst in the second model (constrained model), the symptom weights were constrained to be 

equal. While the unconstrained model allows for differential associations between functional 

impairment and symptoms, the constrained model hypothesizes that symptoms are equally 

associated with functional impairment. A chi-square difference test was used to compare the 

two nested models. 
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Network analysis 

We constructed undirected Gaussian graphical models (GGMs) using the R package 

bootnet version 1.4.3 (Epskamp et al., 2018). In these network models, the edges connecting 

the nodes represent estimates of partial correlations. In undirected GGMs, the edges can be 

interpreted as conditional dependence relations among nodes. If the analysis reveals that two 

nodes are connected, they are dependent after controlling for all other symptoms in the network. 

If no edge emerges, two nodes are interpreted as conditionally independent (Epskamp & Fried, 

2018). As stated above, we estimated two network models: Our first network comprised 18 

ADHD symptoms and five FI domains and our second network comprised 26 ODD/CD/CU 

symptoms and five FI domains. We decided to estimate two networks given that we assessed 

FI specifically related to ADHD symptoms and FI specifically related to ODD/CD/CU 

symptoms. To prevent spurious edges and to estimate a more parsimonious network model, we 

adopted the graphical least absolute shrinkage and selection statistical regularization technique, 

coupled with the extended Bayesian information criterion (EBICglasso) model selection 

(tuning hyperparameter = 0.5). This regularization technique pulls small associations (edges) 

to zero, which results in their removal from the network as potentially false positive edges 

(Epskamp & Fried, 2018). We used Spearman correlations to account for our ordinal data 

structure and pairwise complete observations to handle missing data (Epskamp et al., 2018). 

The resulting networks were visualized using the Fruchterman–Reingold algorithm from the R 

package qgraph version 1.6.9, which places related nodes closer to each other.  

Furthermore, we assessed the accuracy of the edge weights by randomly resampling 

participants (nonparametric bootstrapping; 2,500 iterations) and estimating the 95% 

bootstrapped confidence intervals (Epskamp et al., 2018). Then, we performed bootstrapped 

difference tests (2,500 iterations) to investigate whether two edge weights significantly differed 

from each other. It should be noted that a correction for multiple testing when carrying out 

bootstrapped difference tests in network analysis has not yet been developed (Epskamp et al., 

2018). 

In addition, we ran a simulation study on the performance of network estimation by 

varying sample size using the netSimulator function from the bootnet package (2,500 iterations; 

Spearman correlations; EBICglasso network). The simulation analysis yields plots which 

demonstrate the sensitivity and specificity of the network as well as correlations between the 

“true” and estimated edges given our network structure (Epskamp et al., 2018).  
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Associations of externalizing symptoms with functional impairment domains 

For each FI domain (nodes F01 – F05), we identified the ADHD symptom and the 

ODD/CD/CU symptom which was most strongly associated with the respective domain by 

determining the largest edge weight (i.e., the strongest partial correlation). These partial 

correlations reflect the associations between individual symptoms and a particular FI domain 

after controlling for the influence of all other symptoms and FI domains in the network. In this 

context, it should be mentioned that previous research relied on bridge analysis to explore which 

symptoms may act as “middlemen” regarding the associations between symptoms and FI (e.g. 

Goh et al., 2020; Goh, Martel, et al., 2021). Our approach contributes to this research insofar 

as we were interested in identifying the unique strongest associations between different FI 

domains and individual symptoms. As the EBICglasso regularization technique pulls smaller, 

potentially spurious edges to zero, the remaining edges may be considered as sufficiently strong 

for inclusion in the network model (Epskamp & Fried, 2018). Notably, as weaker edges should 

be interpreted with some caution, our interpretation concentrates on the stronger, and thus likely 

more stable, edges in the network structures.  

 

Results 

Sample characteristics 

The present sample (Table 1) comprised school-age children mainly diagnosed with 

ADHD (94%) according to the DSM-5. The majority of these children (98%) as well as their 

mothers (87%) and fathers (84%) were born in Germany. About 90% of the families spoke 

predominantly German at home. Most of these children met the diagnostic criteria for the 

ADHD combined type (44%), followed by the ADHD predominantly hyperactive-impulsive 

type (39%). Probably due to this high percentage of children diagnosed with ADHD, the mean 

ADHD-related scale scores were generally higher than the ODD/CD/CU-related scale 

scores (Table S1). The intercorrelations between the ADHD-related items (i.e. symptoms and 

FI domains) or the ODD/CD/CU-related items (i.e. symptoms and FI domains), respectively, 

were predominantly positive and low to moderate (see Figure S1). 

 

Multiple linear regression analyses and relative importance analyses 

In our multiple linear regression models, we used 18 ADHD symptoms and 26 

ODD/CD/CU symptoms, respectively, as predictors of global FI, additionally controlling for 

age and gender as covariates.  
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 In the ADHD model, a significant equation was found [F (20, 451) = 12.69, p < .001], 

with an R2 of 36%. It also emerged that seven out of the 18 ADHD symptoms as well as gender 

significantly predicted global FI (p < .05; see Table S3). A subsequent relative importance 

analysis revealed that different ADHD symptoms had markedly different effects on global FI, 

with estimates of the R² contributions ranging from 1% (A07 Loses Things) to 15% (A08 Easily 

Distracted; Figure 1a). The relative importance estimates were similar when the inattention 

dimension and the hyperactivity-impulsivity dimension were considered separately 

(inattention: R² = 52%; hyperactivity-impulsivity: R² = 48%). When comparing the ADHD 

unconstrained model (all regression weights for symptoms were free to vary) and the ADHD 

constrained model (the regression weights were constrained to be equal), the unconstrained 

model fit the data significantly better than the constrained model (χ2
diff = 50.07, dfdiff = 19, p < 

.001). Also, the R² = 36% of the ADHD unconstrained model was higher than the R² = 29% of 

the constrained model.  

 In the ODD/CD/CU model, a significant equation was found [F (28, 411) = 16.06, p < 

.001], with an R2 of 52%. It also emerged that 10 out of the 26 ODD/CD/CU symptoms 

significantly predicted global FI (p < .05; see Table S4). A subsequent relative importance 

analysis revealed that different symptoms had markedly different effects on global FI, with 

estimates ranging from < 1% (C03a Indifferent to Poor Performance; C04a Shallow, Deficient 

Affect) to 10% (A04 Argues with Adults; Figure 1b). When adding up the relative importance 

estimates of the symptoms belonging to the ODD, CD, and CU dimensions, the results showed 

differential contributions of the dimensions to explaining the variance in global FI: ODD (55%) 

was most strongly associated with global FI, while CD (24%) and CU (20%) were less strongly 

associated with global FI. When comparing the ODD/CD/CU unconstrained model and the 

ODD/CD/CU constrained model, the unconstrained model fit the data significantly better than 

the constrained model (χ2
diff = 83.35, dfdiff = 27, p < .001). Also, the R² = 52% of the 

ODD/CD/CU unconstrained model was higher than the R² = 42% of the constrained model. 

For interested readers, we provide a supplementary multiple regression analysis with 

global FI averaged across ADHD and ODD/CD/CU as a response variable and all externalizing 

symptoms as regressors in the online supplement (Table S5). Noteworthy, all significant 

predictors from this supplementary analysis also emerged as significant predictors in our 

ADHD and ODD/CD/CU regression analyses, respectively (e.g., ADHD A08 Easily Distracted 

was identified as a highly significant predictor in both analyses).  
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Network analysis 

Network structures for the ADHD and ODD/CD/CU symptoms and associated functional 

impairment domains 

As visualized in Figure 2, there were stronger associations with items within the same 

dimension (e.g. Inattention) than across dimensions. The results of our simulation studies on 

the performance of the ADHD and ODD/CD/CU network estimations by varying sample size 

are depicted in Figure S2.  

 

The strongest associations of functional impairment domains with symptoms 

Regarding the ADHD network, the strongest partial correlations were found between FI 

related to psychological strain (F01) and A08 Easily Distracted (ρxy•z = .09), between FI related 

to home life and family members (F02) and A03 Does not Listen (ρxy•z = .09), between FI 

related to relationships with adults (F03) and B02 Leaves Seat (ρxy•z = .07), between FI related 

to relationships with children and recreational activities (F04) and B08 Interrupts, Intrudes 

(ρxy•z = .15), and between FI related to academic performance (F05) and A06 Concentration 

(ρxy•z = .10).  

Regarding the ODD/CD/CU network, the strongest partial correlations were found 

between FI related to psychological strain (F01) and A01 Loses Temper (ρxy•z = .07), between 

FI related to home life and family members (F02) and A04 Argues with Adults (ρxy•z = .18), 

between FI related to relationships with adults (F03) and B05 Steals Without Confrontation 

(ρxy•z = .08), between FI related to relationships with children and recreational activities (F04) 

and B01 Physical Fights (ρxy•z = .11), and between FI related to academic performance (F05) 

and B02 Bullies, Threatens, Intimidates (ρxy•z = .06).  

Following our edge-weight accuracy checks, results from non-parametric bootstrapping 

generally indicate accurate estimations, since the sample values lie within the bootstrapped 

confidence intervals and the bootstrap mean values are generally well aligned with the sample 

values (Figure S3). As the bootstrapped confidence intervals were relatively wide, we 

recommend some caution when interpreting the presence and strength of weaker edges. The 

aforementioned associations (i.e. edge weights) between each FI domain and symptoms of the 

ADHD and ODD/CD/CU networks were significantly stronger than most of the other edge 

weights in the respective networks (Figures S4, S5). Importantly, while the associations may 

appear to be weak, it should be kept in mind that these are partial correlations after 

regularization (shrinking). As supplementary analyses, we also report the strongest associations 

between different domains of functional impairment and all externalizing symptoms in a 
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combined network. The results are mostly consistent with the two separate ADHD and 

ODD/CD/CU networks (e.g., ADHD F01 Psychological Strain is most strongly associated with 

A08 Easily Distracted). However, the results should be interpreted with some caution, as the 

network may be rather unstable due to the high number of nodes in a relatively small sample 

(Figures S6, S7). Furthermore, we aimed to support the interpretations drawn from our network 

analyses with additional regression analyses. We therefore calculated separate ordinal logistic 

regression analyses with the different FI domains as response variables to account for the 

ordinal data structure (Tables S6, S7). Most intriguingly, we were able to establish method 

equivalence insofar as those symptoms from the network analyses that were most strongly 

associated with a particular FI domain also emerged as significant predictors in the ordinal 

regression analyses.  

 

Discussion 

The present study aimed to enhance the understanding of how individual ADHD and 

ODD/CD/CU symptoms differentially relate to global FI as well as FI in the five domains of 

home life and family members, relationships with adults, relationships with children and 

recreational activities, academic performance, and psychological strain. Our findings contribute 

to a growing body of literature on the importance of analyzing the associations between 

individual symptoms and different domains of FI and highlight that symptom-based approaches 

can be clinically useful. 

 

Distraction (ADHD) and Arguments with Adults (ODD) explained a large proportion of 

the variance in functional impairment 

Overall, individual symptoms had differential impacts on global FI. In particular, A08 

Easily Distracted, B03 Runs, Climbs, and B08 Interrupts, Intrudes explained a large proportion 

of the variance in global FI related to ADHD symptoms. These findings are largely consistent 

with previous studies, which reported that particularly ADHD hyperactivity-impulsivity 

symptoms were linked to global FI in children and adolescents (Mota & Schachar, 2000; 

Zoromski et al., 2015). Furthermore, A04 Argues with Adults, A05 Refuses to Comply, and B01 

Physical Fights explained a large proportion of the variance in FI related to ODD/CD/CU, 

whereas CU symptoms made few unique contributions to global FI. One possible explanation 

for these findings could be that the nature of "covert" CU-symptoms is assessed to be less 

functionally impairing relative to typical, "overt" ODD/CD symptoms (e.g., losing temper, 

arguing) in the clinical interview. Interestingly, however, our additional logistic regression 
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analyses showed that individual CU traits were particularly strongly associated with FI related 

to relationships with adults. Of note, these conclusions are rather preliminary and require 

replication before more precise conclusions can be drawn about the relationships between CU 

traits and FI.  

 

Inattention strongly relates to academic, family, and psychological strain, while 

hyperactivity-impulsivity strongly relates to social impairment 

 The interpretation of the ADHD network structure suggests that symptoms most 

strongly associated with FI in the domains of academic performance, home life and family 

members as well as with psychological strain originated from the inattention dimension. These 

results are consistent with previous studies, which reported that ADHD inattention symptoms 

show strong associations with academic impairment (Garner et al., 2013; Massetti et al., 2008; 

Willcutt et al., 2012; Zoromski et al., 2015). Furthermore, our analyses add to previous findings 

by providing another rater perspective (i.e. clinician ratings), investigating a clinical sample of 

school-age children, and applying novel analysis techniques. Moreover, we found that the 

ADHD inattention symptom A08 Easily Distracted was the symptom most strongly associated 

with FI related to psychological strain. This finding is quite interesting from a clinical 

perspective given that inattention symptoms have previously been regarded as less impairing 

than hyperactivity-impulsivity symptoms (Willcutt et al., 2012). However, while the combined 

presentation of inattention and hyperactivity-impulsivity symptoms is generally associated with 

a high degree of FI (Willcutt et al., 2012), if inattention symptoms are present, we recommend 

paying particular attention to exploring psychological strain, both to ensure adequate and 

appropriate treatment and to inform future research in this area. By contrast, the symptoms most 

strongly associated with FI in the domains of relationships with children and recreational 

activities, as well as relationships with adults, originated from the hyperactivity-impulsivity 

dimension. These results are consistent with previous research indicating that ADHD 

hyperactivity-impulsivity symptoms are strongly associated with impaired social functioning 

(Garner et al., 2013; Goh, Martel, et al., 2021; Willcutt et al., 2012). From a clinical perspective, 

the present findings highlight the need for a thorough assessment of impairment in the domains 

of relationships with children and adults in the presence of hyperactivity-impulsivity symptoms 

(e.g. B02 Leaves Seat, B08 Interrupts, Intrudes) and the subsequent selection of appropriate 

interventions, for example interventions focusing on positive parent-child interactions and 

communication skills. 
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Symptoms of ODD and CD more strongly relate to impairment than do CU traits 

The interpretation of the ODD/CD/CU network suggests that the symptoms most 

closely linked to the examined FI domains originated from the ODD and CD dimension, while 

FI was less strongly associated with CU traits. In particular, the symptoms most strongly 

associated with FI in the domains of academic performance, relationships with children and 

recreational activities as well as relationships with adults were CD symptoms, whereas the 

symptoms most strongly associated with FI related to home life and family members as well as 

with psychological strain were ODD symptoms. Interestingly, CU traits remained a rather self-

contained dimension in the network structure, that is, they were neither strongly associated with 

any FI domain nor with ODD/CD symptoms. This finding is particularly interesting given that 

CU traits can be added as a specifier to the CD diagnosis in the DSM-5 (American Psychiatric 

Association, 2013) and as a specifier to the ODD or CD diagnosis in the ICD-11 (World Health 

Organization, 2019). Moreover, the finding is in line with previous research on the structure 

underlying externalizing behavior disorders in children (Castagna et al., 2021; Haas et al., 2018; 

Thöne et al., 2021). 

 

Clinical implications 

Several clinical implications of these findings with respect to clinical assessment and 

therapy can be derived. First, given the only low to moderate correlations between externalizing 

symptoms and related functional impairment, as well as the importance of single, specific 

symptoms for the prediction of FI in different domains, we agree with the growing consensus 

that in order to gain a comprehensive understanding of psychopathology, the assessment of FI 

is as important as the assessment of symptoms (Arildskov et al., 2022; DuPaul, 2022). To 

further clarify the relationship between symptoms and FI, a recent study by Arildskov et al. 

(2022) examined whether the relationship between ADHD symptom severity and FI was 

nonlinear (i.e. whether there was a symptom severity threshold linked to a marked increase in 

impairment). The authors found a gradual linear increase in impairment with higher symptom 

severity, suggesting that the current symptom severity threshold for an ADHD diagnosis may 

be arbitrarily defined with respect to the presence or absence of FI (Arildskov et al., 2022). In 

line with this, not all individuals meeting the symptom-based criteria for an ADHD or ODD/CD 

diagnosis suffer from FI as a result of their symptoms, while others with only subthreshold 

symptoms show marked levels of impairment (DuPaul et al., 2014; A. Pickles et al., 2001). 

Arildskov et al. (2022) thus highlight “the continuing need for the clinical assessment and 

diagnosis of ADHD to be based on two independent decisions: one about the symptom threshold 
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and one about functional impairment with both decisions having a certain degree of 

arbitrariness and social subjectivity" (Arildskov et al., 2022, p. 5). As discussed by DuPaul 

(2022), in the current diagnostic systems, the functional impairment criterion seems to be 

considered categorically (i.e., either present or absent), while lacking a precise 

operationalization and an explicit dimensional threshold. This - along with the influence of co-

occurring symptoms on impairment ratings - illustrates the challenges clinicians face when 

making decisions on functional impairment (DuPaul, 2022). 

Second, we emphasize the need for a more nuanced perspective on the association of 

specific symptoms with FI. For example, in our analyses, the ADHD symptom A08 Easily 

Distracted explained about five times as much variance in global FI as A01 Careless, even 

though both symptoms originate from the inattention dimension. In line with this, we found that 

constraining regression weights of ADHD and ODD/CD/CU symptoms, respectively, to be 

equal when predicting global FI led to a significantly reduced model fit and lower R² compared 

freely estimating symptom contributions. These findings suggest that symptoms have 

differential impacts on functional impairment and that differentially weighing symptoms does 

indeed lead to notable improvements in predicting impairment. Interestingly, similar findings 

of variable associations with impairment were also reported for individual depression 

symptoms (Fried & Nesse, 2014). In light of these differential symptom-impairment relations, 

we recommend that besides symptom dimensions, individual symptoms should be considered 

in the process of diagnostic assessment. In the long term, research on the associations between 

single symptoms and FI in different domains could inform future modifications of the 

diagnostic criteria. For instance, instead of simple criterion counts in which various DSM-5 

criteria are given equal weight (e.g. 6/9 symptoms of ADHD inattention), symptoms that show 

particularly strong associations with FI could be weighted based on the strength of their 

relationship with impairment. 

Third, the results of the present study may also have important implications for the 

development of assessment measures, particularly screening instruments. As also suggested by 

Zoromski et al. (2015), and provided that further research is conducted, results of network 

analyses on symptom-impairment relations might inform the development of more economical 

screening instruments, which might initially include only symptoms that have particularly 

strong associations with FI domains. Such screening instruments might be valuable for both 

clinical research and practice. In research, they could precede the use of more extensive 

diagnostic batteries (Zoromski et al., 2015) and, for example, help identify participants eligible 

for a particular study more efficiently. In practice, several possible applications are conceivable. 
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Such screening instruments might be used by clinical psychologists, but also other health care 

or educational professionals, to identify children in need for closer observation, more 

comprehensive diagnostics, or (early) intervention, if possible, before impairment manifests 

(Zoromski et al., 2015). Moreover, given that impairments rather than the presence of 

symptoms are often the reason for seeking treatment (Epstein & Weiss, 2012), and provided 

that the association between particular symptoms and FI domains is replicated, these screening 

instruments could assist clinicians in identifying target areas for treatment and selecting 

appropriate interventions accordingly (Zoromski et al., 2015). In addition, the sensitivity and 

specificity of such screening tools compared with standard screening procedures could be 

evaluated by comparing both approaches with more extensive current diagnostic practice 

(Zoromski et al., 2015). Finally, on a more global level, Zoromski et al. (2015) suggest to 

evaluate gating questions in existing structured interviews in terms of their correspondence to 

symptoms most strongly associated with FI domains and to further investigate whether having 

gating questions about symptoms most strongly linked to FI domains can facilitate diagnostics 

or treatment planning, e.g., by weighing symptoms according to the strength of their 

relationship with FI. 

 

Limitations and future directions 

Several limitations need to be considered when interpreting the results of the present 

study. First, we concede that a cross-sectional data design cannot uncover causal processes, for 

example in terms of the causal associations between FI and symptoms (e.g. symptoms and FI 

may potentially influence each other). Moreover, it remains to be investigated how the 

associations between FI and symptoms develop across age (e.g. whether certain symptoms 

become more impairing in adolescence). Ideally, future studies should address these gaps using 

a longitudinal data design. Second, in terms of the diversity of our sample, all children included 

in this study were registered for participation in a randomized control trial. As these children 

met stringent inclusion and exclusion criteria, our findings need to be replicated in clinically 

referred children under routine care conditions. In this context, it might be criticized that our FI 

items may not be able to differentiate between FI related to ADHD and FI related to 

ODD/CD/CU symptoms. However, the only moderate scale correlations between ADHD-

related FI and ODD/CD/CU-related FI (r = .53) indicate that the clinicians (and the parents who 

were interviewed) were indeed able to differentiate between impairment related to the two 

symptom domains, and consequently that ADHD- and ODD/CD/CU-related impairment are 

perhaps overlapping but nevertheless generally distinct constructs. Third, we must 
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acknowledge that we were unable to calculate confidence intervals and associated p-values as 

part of our relative importance analyses due to overly intensive computational efforts. We 

assume that these computational problems are related to our large number of regressors. 

Nevertheless, we would like to point out that the statistical significance of individual regressors 

can also be obtained from the multiple linear regression tables. Fourth, it should be noted that 

ADHD symptoms explained only 33% and ODD/CD/CU symptoms only 49% of the variance 

in global FI, underlining the likelihood that there are many sources of influence that contribute 

to the severity of FI, including variables not assessed in this study (e.g. parenting style, 

socioeconomic status). Since the DSM-5 diagnoses require the presence of symptom-related 

impairment, we limited the current analyses to the associated variables. However, the 

consideration of additional variables influencing FI in future studies could yield valuable 

contributions to both theoretical reflections and the advancement of treatments. 

 

Conclusion 

The current findings demonstrate that symptoms of ADHD or ODD/CD/CU, 

respectively, vary substantially in their associations with global FI. The total amount of variance 

in global FI explained by ADHD symptoms ranged from 1% (A07 Loses Things) to 15% (A08 

Easily Distracted) and the amount of variance in global FI explained by ODD/CD/CU 

symptoms ranged from < 1% (C03a Indifferent to Poor Performance; C04a Shallow, Deficient 

Affect) to 10% (A04 Argues with Adults). Moreover, ADHD symptoms most strongly 

associated with FI in the domains of academic performance, home life and family members as 

well as with psychological strain originated from the inattention dimension (A03 Does not 

Listen, A06 Concentration, A08 Easily Distracted), whereas the symptoms most strongly 

associated with FI in the domains of relationships with children/adolescents and recreational 

activities as well as with relationships with adults originated from the hyperactivity-impulsivity 

dimension (B02 Leaves Seat, B08 Interrupts, Intrudes) . By contrast, the symptoms most 

closely linked to the examined FI domains related to ODD/CD/CU symptoms originated from 

the ODD and CD dimension (A01 Loses Temper, A04 Argues with Adults, B01 Physical Fights, 

B02 Bullies, Threatens, Intimidates, B05 Steals Without Confrontation), while FI was less 

strongly associated with CU traits. Our study contributes to this growing body of research in 

that diagnosticians should equally pay attention to both the severity and frequency of symptoms 

and the degree to which these symptoms are related to academic or social impairment. In 

particular, the present study provides first evidence on the extent to which individual symptoms 

are related to specific domains of functional impairment. In clinical practice, this could be of 
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particular interest for both diagnostics and treatment planning purposes, as the presence of 

certain symptoms might lead clinicians to particularly assess functional impairment in specific 

domains, which could also be a target for treatment. Of note, the results of this study are 

preliminary and require replication in larger samples before more precise conclusions can be 

drawn about the relationships between symptoms and impairment. 
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Table 1 

Sample characteristics 

Variable Total Sample (N = 474) 

Age Mean (SD) 8.90 (1.49) 

Male n (%) 382 (81) 

Primary Diagnosis n (%)  

No ADHD diagnosis 32 (7) 

ADHD – combined type 208 (44) 

ADHD – predominantly inattentive type 184 (39) 

ADHD – predominantly hyperactive-impulsive type  50 (11) 

Comorbidities n (%) n = 454 - 465 

Internalizing disorders:  

- Anxiety 29 (6) 

- Depression 15 (3) 

Externalizing disorders:  

- Oppositional defiant disorder 166 (37) 

- Conduct disorder 28 (6) 

- Disruptive mood dysregulation disorder 40 (9) 

Other disorders:  

- Obsessive-compulsive disorder 2 (< 1) 

- Tic disorder 24 (5) 

- Autism spectrum disorder 2 (< 1) 

Medication n (%) n = 462 

ADHD medication  150 (33) 

Parents’ Primary Language n (%) n = 458 

German 429 (94) 

Parents’ Highest Educational Attainment n (%) n = 455 

Higher-track school 261 (57) 

Vocational school 26 (6) 

Medium-track school 123 (27) 

Lower-track school 43 (10) 

Note. Clinical diagnoses of ADHD and externalizing behavior disorders were based on the 

semi-structured Clinical Parent Interview for Externalizing Disorders in Children and 

Adolescents (ILF-EXTERNAL) conducted with the parents. Additional comorbid symptoms 

were evaluated using a clinical diagnostic checklist. ADHD = attention-deficit/hyperactivity 

disorder. 
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Figure 1 

Relative importance estimates of ADHD and ODD/CD/CU symptoms on global functional impairment 

 

Note. Depicted are the relative importance coefficients of ADHD (Figure 1a) and ODD/CD/CU (Figure 1b) symptoms on global functional impairment 

associated with these symptoms, respectively. Each value represents the unique shared variance (%) between a symptom and functional impairment. 

Estimates are adjusted to sum up to 100%. 
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Figure 2 

Networks of ADHD and ODD/CD/CU symptoms with associated functional impairment domains 

 

Note. The figure depicts the network structures of the ADHD and ODD/CD/CU symptoms and functional impairment related to psychological strain 

(F01) and in the domains of home life and family members (F02), relationships with adults (F03), relationships with children/adolescents and 

recreational activities (F04), and academic performance (F05). Item dimensions are differentiated by color. Blue edges represent positive partial 

correlations, and the thickness of an edge represents the strength of the partial correlation. A short description of each item is provided in Figure 1. 

ADHD = attention-deficit/hyperactivity disorder; ODD = oppositional defiant disorder; CD = conduct disorder; CU = callous-unemotional. 
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6 Discussion 

Having developed the clinical parent interviews for diagnosing mental disorders based 

on the DSM-5 in children and adolescents (DISYPS-ILF; Görtz-Dorten et al., 2022), this 

doctoral dissertation presented a comprehensive psychometric evaluation of the clinical parent 

interview for diagnosing externalizing disorders of children and adolescents (ILF-

EXTERNAL). This discussion section presents the main findings of each publication along 

with their overall theoretical and clinical implications, identifies limitations, and addresses 

challenges and future research directions. 

 

6.1 Summary and clinical implications 

Study 1 (Thöne et al., 2020) presented the reliability and validity of the ILF-

EXTERNAL in a clinical sample of school-age children. Overall, results supported the 

convergent and divergent validity as indicated by moderate to high correlations (.33 ≤ r ≤ .69, 

p < .001) between the ILF-EXTERNAL scale scores with corresponding externalizing 

symptom scales and significantly lower correlations with divergent symptom scales from the 

CBCL/6-18R. These findings are largely in line with previous findings that have reported small 

to moderate correlations between the CBCL and clinical diagnoses obtained from other semi-

structured interviews, such as the K-SADS (Birmaher et al., 2009; Brasil & Bordin, 2010; Y. 

L. Chen et al., 2017; Kim et al., 2004). Study 1 (Thöne et al., 2020) also addresses concerns 

related to clinical interviews that “the dependence on respondents in these interviews is similar 

to the dependence on respondents completing a checklist on their own except for the potential 

error introduced by interviewer characteristics and interviewer–respondent exchanges” 

(Boyle et al., 2017, p. 2). The present results, however, found moderate to substantial agreement 

between ratings from parents and clinicians (.57 ≤ r ≤ .78, p < .001). These results emphasize 

that both viewpoints are complementary and that both are vital for a comprehensive clinical 

assessment (cf. Döpfner & Petermann, 2012). One focus of Study 1 (Thöne et al., 2020) was to 

examine agreement between clinicians from a categorical and dimensional perspective. 

Regarding the DSM-5 categorical diagnoses, diagnostic agreement ranged from fair (κ = .38 

ADHD hyperactive-impulsive type), to moderate (κ = .55 DMDD), substantial (κ = .71 ADHD 

combined type; κ = .74 ADHD inattentive type; κ = .74 any ADHD) to almost perfect agreement 

(κ = .82 ODD; κ = .94 CD; κ = .82 limited prosocial emotions). Regarding interrater reliability 

on a dimensional level, ICC coefficients ranged between ‘very good’ to ‘excellent’ [ICC(1,1) 

= .83−.95] for all scales of the ILF-EXTERNAL. As becomes clear, interrater reliability 
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estimates were generally higher at the dimensional level compared to categorical diagnoses. As 

outlined in Chapter 1.1, these findings are consistent with the meta-analyses by Markon and 

colleagues (2011) who demonstrated an expected 15% rise in reliability and a 37% rise in 

validity when dimensional instead of categorical measures of psychopathology were adopted. 

Accordingly, the degree to which an individual is below or above the threshold for a diagnosis 

is considered irrelevant to the diagnostic construct (Clark et al., 2017; Coghill & Sonuga-Barke, 

2012; Lahey et al., 2022). Consider for example, the ODD diagnosis that consists of 8 

symptoms, where the threshold is set at 4 symptoms. According to the categorical approach, 

values from 1-3 are converted to ‘no diagnosis’ and values from 4-8 are converted to ‘diagnosis 

present’. This dichotomization leads to a substantial loss of information about fine-grained 

differences in symptom severity (Lahey et al., 2022; Markon et al., 2011). In general, this study 

contributes to empirical research demonstrating that mental disorders are not characterized by 

abrupt thresholds, but rather that mental disorders are better described as continuous 

phenomena (Haslam et al., 2012, 2020). 

Study 2 (Thöne et al., 2021) evaluated the factorial structure of the ILF-EXTERNAL 

and systematically tested the underlying latent dimensions of externalizing symptoms through 

CFA and ESEM models. Overall, the a priori assumed DSM-5-based factorial structure of the 

ILF-EXTERNAL could be confirmed as demonstrated by the correlated factors models and 

hierarchical models. When comparing the solutions obtained from CFA and ESEM, the ESEM 

models generally outperformed the CFA models, since they exhibited significantly better model 

fit, greater interpretability, less biased factor loadings, and smaller correlations between the 

factors. These results are consistent with the growing body of evidence supporting the use of 

ESEM models, which provide a more realistic depiction of psychological symptoms (Arias et 

al., 2016; Gomez et al., 2021; Gomez & Stavropoulos, 2020; Rodenacker et al., 2017). 

Regarding goodness-of-fit indices, the traditional bifactor ESEM model showed the best model 

fit and successfully addressed issues observed in its CFA counterpart, such as negative 

variances or negative factor loadings. The presence of anomalous outcomes observed in 

traditional bifactor CFA models aligns with methodological concerns (Bonifay et al., 2017; Eid, 

2020; Eid et al., 2017; Watts et al., 2019), and empirical studies that have also reported various 

anomalous findings when traditional bifactor models are applied to psychological symptoms 

(Arias et al., 2018; Burns et al., 2020a; Heinrich et al., 2020, 2021; Rodenacker et al., 2018; 

Thöne et al., 2022). However, one significant limitation of bifactor models is the inconsistent 

interpretation of the g-factor across studies, which subsequently affects the interpretation of the 

s-factors due to their definition based on the residual variance associated with the g-factor (Eid 
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et al., 2017; Reise, 2012). As argued by Watts and colleagues (2019, p. 1285): “The general 

factor appeared to reflect a differentially weighted amalgam of psychopathology rather than a 

liability for psychopathology broadly construed”. This leads to significant problems in 

synthesizing research findings through replication studies, literature reviews or meta-analyses 

(Eid et al., 2017; Reise, 2012). In comparison, applying bifactor S-1 models with a general HI 

reference factor and four residual s-factors (IN, ODD-AD, CD, CU symptoms) resulted in a 

statistically sound factor structure and unambiguous and meaningful interpretation. These novel 

insights align well with other empirical studies which applied bifactor S-1 CFA models to 

symptoms of ADHD/ODD in clinical (Junghänel et al., 2020, 2022; Thöne et al., 2022) and 

community samples (Burns et al., 2020a; Thöne et al., 2022) of children and adolescents. 

Notably, Study 2 (Thöne et al., 2021) expands these findings, since it incorporated ESEM 

models and examining a broader scope of externalizing symptoms. Additionally, Study 2 

(Thöne et al., 2021) supports the emerging notion that applying a bifactor S-1 model can address 

distinct research inquiries compared to traditional bifactor models, thereby offering additional 

value and enhancing our understanding of psychopathology (Burns et al., 2020a). The 

measurement invariance of the prevailing bifactor S-1 CFA/ESEM models was evaluated 

following the guidelines of Meredith (1993) and Vandenberg and Lance (2000) across different 

raters or informants (parents, clinicians, teachers) and assessment methods (interview, 

questionnaires). Simply put, configural invariance tests whether the basic model configuration 

(i.e., item-factor structure) remains consistent across groups. Metric invariance further assumes 

that item loadings are equivalent across groups. Scalar invariance goes a step further and 

assumes that item intercepts are equal across groups (Meredith, 1993; Vandenberg & Lance, 

2000). The findings indicated that the prevailing models exhibited configural and metric 

invariance but did not demonstrate scalar invariance, implying that the severity of individual 

symptoms may vary across different contexts. These results hold significant importance since 

it has been suggested that cross-informant discrepancies reflect some kind of invalidity in terms 

of measurement error or rater bias (see Chapter 1.3). However, these findings contribute to the 

growing recognition that informant discrepancies often contain meaningful information (i.e., 

valid data), e.g., they shed light on how children's behavior may vary meaningfully across 

different settings, such as at school versus at home. (De Los Reyes et al., 2013, 2023). 

Moreover, Study 2 (Thöne et al., 2021) highlights that a more reasonable assumption would be 

that different informants will offer varying assessments of a child’s symptoms and that multi-

informant assessments hold significance as they encompass distinct viewpoints from each 

informant who contributes their report (De Los Reyes et al., 2013, 2023; Dirks et al., 2012; 
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Hunsley & Mash, 2007). In light of these findings, Study 2 (Thöne et al., 2021) raises doubts 

about the validity of traditional bifactor models as the ‘winning models’ for conceptualizing 

psychopathology. Additionally, Study 2 (Thöne et al., 2021) presents a set of model-based 

criteria (such as model fit indices, factor loadings, omega statistics, and model parsimony) that 

can assist researchers in evaluating structural models of psychopathology more 

comprehensively (see also Thöne et al., 2022). 

Study 3 (Thöne et al., 2023) zoomed in on the symptom-level and focused on examining 

individual symptoms of ADHD and ODD/CD/CU and their differential associations with global 

FI and impairments in five specific domains. Multivariate regression analyses revealed 

significant variations in the associations between symptoms and global FI. The symptoms A08 

Easily Distracted in ADHD (15%) and A04 Argues with Adults in ODD (10%) had the strongest 

contributions to the explained variance. These findings align with previous studies highlighting 

the diverse effects of individual symptoms on global FI, e.g., in the fields of ADHD (Mota & 

Schachar, 2000; Zoromski et al., 2015) or depression (Fried & Nesse, 2014). Network analyses 

further revealed that FI showed the strongest associations with ADHD inattention symptoms in 

domains such as academic performance, home life and family members, and psychological 

strain. On the other hand, hyperactivity-impulsivity symptoms were most strongly linked to FI 

in domains including relationships with adults as well as relationships with children and 

recreational activities. The results from Study 3 (Thöne et al., 2023) align with previous studies 

emphasizing the impact of ADHD inattention symptoms on academic impairment (Garner et 

al., 2013; Massetti et al., 2008; Willcutt et al., 2012; Zoromski et al., 2015) and ADHD 

hyperactivity-impulsivity symptoms on impaired social functioning (Garner et al., 2013; Goh, 

Martel, et al., 2021; Willcutt et al., 2012). By comparison, symptoms from the ODD and CD 

dimensions were closely related to FI domains, while CU traits showed weaker associations. 

This finding is particularly intriguing considering the inclusion of CU traits a specifier to the 

CD diagnosis in the DSM-5 (American Psychiatric Association, 2013) and as a specifier to the 

diagnoses of ODD or CD in the upcoming ICD-11 (World Health Organization, 2019). Study 

3 (Thöne et al., 2023) offers valuable clinical implications for clinical assessment and therapy. 

First, it supports the growing consensus that assessing FI is as crucial as assessing symptoms 

for a comprehensive understanding of psychopathology (Arildskov et al., 2022; DuPaul, 2022). 

Arildskov et al. (2022) conducted a recent study to explore the associations between the severity 

of ADHD symptoms and FI, specifically investigating if there is a nonlinear association or a 

symptom severity threshold that significantly increases impairment. The authors observed a 

gradual linear rise in impairment proportionate to the increase in symptom severity, challenging 
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the current arbitrary definition of the symptom severity threshold for ADHD diagnosis based 

on the presence or absence of impairment (Arildskov et al., 2022). The authors therefore 

emphasize “the continuing need for the clinical assessment and diagnosis of ADHD to be based 

on two independent decisions: one about the symptom threshold and one about functional 

impairment with both decisions having a certain degree of arbitrariness and social 

subjectivity” (Arildskov et al., 2022, p. 5). Second, Study 3 (Thöne et al., 2023) emphasizes the 

importance of a nuanced perspective on the relationship between specific symptoms and FI. 

For instance, the ADHD symptom A08 Easily Distracted had a much greater impact on global 

FI compared to A01 Careless, despite both symptoms originating from the inattention 

dimension. These results indicate that symptoms have varying effects on FI, and giving 

differential weight to symptoms can significantly enhance the prediction of FI. In the future, 

studying the links between specific symptoms and FI across various domains could provide 

insights for potential revisions to the diagnostic criteria. Third, the findings of Study 3 (Thöne 

et al., 2023) hold significance for the advancement of assessment tools, particularly in the 

context of screening instruments. Building on the suggestions of Zoromski et al. (2015), 

network analyses examining the relationships between symptoms and impairments could guide 

the development of more cost-effective screening tools, which could initially focus on 

symptoms that exhibit strong associations with specific FI domains. These screening measures 

have the potential to benefit both clinical research and practice by providing efficient ways to 

identify individuals at risk and in need of further assessment (Zoromski et al., 2015).  

 

6.2 Limitations 

Some methodological and conceptual aspects that are recurrent throughout this doctoral 

dissertation warrant attention. First, it is important to note that the analyses in this dissertation 

are based on the ESCAschool sample (Döpfner et al., 2017), which predominantly consists of 

children diagnosed with ADHD (94%). Consequently, the sample used in this dissertation does 

not encompass the complete spectrum of externalizing disorders but rather consists of distinct 

ADHD subtypes exhibiting different levels of severity and related externalizing behavior 

symptoms (Thöne et al., 2021). Simultaneously, the ESCAschool sample provides an 

opportunity for diagnostic assessment: While field samples often consist of children who are 

symptom-free, the ESCAschool sample necessitates the differentiation between clinically 

significant and non-significant symptoms to ascertain whether an individual meets the criteria 

outlined in the ICD/DSM diagnostic systems. Furthermore, the ESCAschool sample offers an 

additional advantage as it primarily consists of patients with clinically significant symptoms. 
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Consequently, the analyses predominantly focus on describing psychometric criteria within the 

clinical spectrum of these instruments, which holds particular relevance for clinical studies. 

Regarding the sample diversity, all children included in this study were enrolled in the 

randomized control trial ESCAschool. As these children met stringent criteria for inclusion and 

exclusion, it would be valuable to replicate the findings of this study with clinically referred 

children in routine care settings to ensure the generalizability of the results (Bear et al., 2020; 

Weisz et al., 2005). 

Second, it is important to emphasize that the analyses conducted in this dissertation 

utilized baseline data from the ESCAschool trial, which means that a cross-sectional research 

design was employed. Consequently, the cross-sectional nature of the data limits our ability to 

infer causal relationships, such as the causal interplay between FI and symptoms. It is plausible 

that symptoms and FI may reciprocally influence each other (Thöne et al., 2023). Furthermore, 

considering that the data utilized in this dissertation are confined to children of school age, 

future investigations should explore how the associations between FI and symptoms evolve 

across different age groups, including the examination of whether specific symptoms become 

more impairing during adolescence (e.g., Martel et al., 2021). 

Third, it is important to clarify that the data analyzed in this study comprise behavioral 

data obtained through clinical interviews and questionnaires. As discussed in Study 2 (Thöne 

et al., 2021), it is worth noting that latent factor models solely based on behavioral symptoms 

have limitations in providing comprehensive insights into the etiology of mental disorders, 

considering the intricate nature of neurobiological vulnerabilities and neural circuits 

(Beauchaine & Hinshaw, 2020). However, achieving alignment with projections derived from 

etiological theories marks a notable progression in the formulation of a dimensional framework 

for mental disorders. To further advance our understanding, future research should incorporate 

multiple units of analysis, as exemplified by ongoing efforts such as the Research Domain 

Criteria project (RDoC; Beauchaine & Hinshaw, 2020; Insel et al., 2010). Such investigations 

would yield fresh perspectives on the hierarchical structure of mental disorders and have the 

potential to inform the development of more targeted psychotherapeutic interventions. 

Lastly, one important limitation of the present work is that the ILF-EXTERNAL was 

conducted with the parents only. In other words, although there are two different rater 

perspectives (clinicians, parents), the assessment of the child's symptomatology is based on the 

same informants (parents). Accordingly, parents may only offer limited insights into their 

children’s covert internal states. This issue is of particular importance in studies dealing with 

children’s internalizing symptoms, in comparison to the present work, which is mainly 
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concerned with well-observed, externalizing behavior problems. In the present work, the 

children’s self-reports were deliberately not included because the extent to which children can 

make reliable and valid statements about their inner mental states depends not only on the age 

of the children but also on various characteristics of the respective questionnaire, such as the 

response format, complexity of item formulation, or the degree of abstractness of items 

(reviewed by Taber, 2010). Consequently, it is of great clinical relevance that studies 

investigating psychological problems in adolescence include, whenever possible, self-reports 

in addition to parent-reports. While clinical interviews are widely regarded as the most reliable 

method for diagnosing mental disorders, it is crucial to acknowledge these consideration when 

incorporating reports from multiple informants as an essential element of best practices in 

evidence-based assessment (cf. Chapter 1.3; De Los Reyes, 2011; De Los Reyes et al., 2013, 

2023; Dirks et al., 2012; Hunsley & Mash, 2007; Thöne et al., 2022). 

 

6.3 Challenges and future directions 

Addressing the categorical and dimensional aspects of mental disorders through latent 

variable and network approaches poses several challenges, which point towards directions for 

future research.  

Latent factor and network approaches of psychopathology have often been portrayed as 

some kind of competitive field, with researchers from one camp challenging the views of the 

other (Borsboom et al., 2017, 2018, 2021, 2022; Cramer et al., 2010, 2012; Forbes et al., 2017a, 

2017b, 2019; Fried, 2020; Neal et al., 2022; Steinley et al., 2017). With respect to the challenges 

facing the latent factor approach, several authors have expressed significant concerns about the 

application of latent factor models and, more specifically, traditional bifactor models. These 

concerns encompass various issues related to traditional bifactor models used in empirical 

studies (for a thorough discussion, see Study 2; Thöne et al., 2021). First, there is concern that 

bifactor models may exhibit superior fit due to overfitting, potentially compromising their 

validity (Bonifay et al., 2017). Moreover, the interpretation of the g-factor in bifactor models 

may not be directly comparable across different studies due to its strong dependence on specific 

item selections (Eid et al., 2017; Reise, 2012). Furthermore, traditional bifactor models can also 

yield problematic parameter estimates, such as negative variances or factor loadings, which 

hinder meaningful interpretation (Eid et al., 2017; Heinrich et al., 2020). Additionally, the 

commonly overlooked omega factor reliability coefficients reveal that s-factors in bifactor 

models may be weakly defined or even vanish empirically (Arias et al., 2018; Rodriguez et al., 

2016). Although the bifactor S-1 model has been proposed to address these concerns, it faces 
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several challenges that still need to be addressed (J. D. Burke & Johnston, 2020; Willoughby, 

2020). These challenges include the potential for overfitting similar to traditional bifactor 

models, the arbitrary selection of reference facets, interpretation of the g-factor, and the added 

value of the bifactor S-1 model. Additionally, challenges arise when applying a bifactor S-1 

model to item-level data and when using bifactor models to identify a general psychopathology 

factor (J. D. Burke & Johnston, 2020; Burns et al., 2020a; Willoughby, 2020). As Burns and 

colleagues (2020b) discussed in detail, future research on latent factor analysis must address 

these challenges before bifactor S-1 models eventually find their way into psychopathology 

research. This includes a focus on testing the advantages of the bifactor S-1 model, particularly 

in terms of its practical relevance for individual clinical assessment (Eid, 2020) as well as 

establishing external and internal validity, which “are critical toward explaining rather than 

describing psychopathology” (Burns et al., 2020b, p. 921). 

One of the fundamental challenges within the field of psychopathological network 

research concerns the reliability and replicability of network results (for a review, see Neal et 

al., 2022). Critics of the network approach expressed concerns that “psychopathology networks 

have limited replicability” (Forbes et al., 2017b, p. 1011) and that “popular network analysis 

methods produce unreliable results” (Forbes et al., 2017b, p. 1011). Forbes and colleagues 

(2017a) provided explanations for the observed unreliability of network parameters, including 

violations of statistical and theoretical assumptions. Steinley and colleagues went even further 

and claimed that “the problem is likely worse (or at least more complicated) than they initially 

indicated” (p. 1000). However, Borsboom and colleagues (2017) re-analyzed the same data 

using advanced network analyses techniques (e.g., the Network Comparison Test), found that 

“network models replicate very well” (p. 997), and attributed their contradictory results to 

“statistical inaccuracies” (p. 998) and “debatable metrics to assess replicability” (p. 989). In 

an effort to provide best practices for future research, psychopathology network advocates have 

provided a roadmap for network replication studies (Borsboom et al., 2017) and tutorial articles 

on network analysis (Burger et al., 2022; Epskamp et al., 2018; Epskamp & Fried, 2018) that 

can help future researchers obtain more objective and trustworthy results. This debate was 

revisited a few years later in the journals World Psychiatry (Borsboom et al., 2018; Forbes et 

al., 2019), Multivariate Behavioral Research (Forbes, Wright, et al., 2021b, 2021a; Fried et al., 

2021; Jones et al., 2021; Steinley, 2021; Waldorp & Marsman, 2022) and Nature Reviews 

Method Primers (Borsboom et al., 2021, 2022; Neal et al., 2022). Following Borsboom et al.’s 

(2018) reaffirmation that “the general picture which emerges is that network structures 

replicate and generalize well” (p. 143), critics of the network approach countered that this 
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debate was far from over, since Borsboom et al. (2021) “omitted or glossed over core critiques 

of [network] models and methods” (Neal et al., 2022, p. 1) and provided directions for future 

research, including (a) additional value of network models when alternative multivariate 

methods already exist, (b) the degree to which inferences about causality or within-processes 

can be drawn when using cross-sectional data, (c) best practices for network estimation 

reliability, e.g., through simulation studies, and (d) establishing clear guidelines when 

interpreting network metrics (Neal et al., 2022). Even though it may seem as if two completely 

opposite perspectives are meeting here, they nevertheless pursue a similar goal, namely, the 

quest for scientific knowledge. Therefore, it is imperative for future research to advance our 

understanding of psychopathological networks and to recognize the obstacles that lie ahead. 

While both approaches lead to a different understanding of the psychological construct 

of interest, recent studies have demonstrated the mathematical equivalence between latent 

factor models and network models (e.g., van Bork et al., 2021) and therefore can complement 

– rather than exclude – each other regarding the research question being addressed. For 

example, a network model with positive associations between variables can result in a well-

fitting latent factor model and, conversely, a unidimensional model with positive factor 

loadings is consistent with a fully connected network model with positive edge weights (van 

Bork et al., 2021; Van Der Maas et al., 2006). In a comparative analysis between factor analysis 

and network analysis, Christensen and Golino (2021) discovered that the cumulative 

connections of a node (referred to as strength centrality) were approximately comparable to 

CFA factor loadings. Consequently, they deduced that “network loadings can provide similar 

information to factor loadings when the data are generated from a factor model and therefore 

can be used in a similar way” (Christensen & Golino, 2021, p. 1563). Ironically, this leads to 

the consequence that if psychopathological networks have poor replicability, then factor 

structures would also have poor replicability (Borsboom et al., 2017). In broader terms, the 

challenges of achieving replicability and generalizability of findings have become an increasing 

issue not only in psychology (e.g., Pashler & Wagenmakers, 2012) but also across the scientific 

domain as a whole (e.g., Baker, 2016). 

As becomes clear, these are exciting times for classification research, offering several 

directions for future research (see also Carragher et al., 2015; Clark et al., 2017; Eaton, 2015). 

First, the emergence of advanced latent variable models provides novel avenues for evaluating 

the categorical-dimensional nature of psychopathology. For example, factor mixture modeling 

allows to combine categorical and dimensional components within a hybrid framework (B. 

Muthén, 2006). In brief, hybrid mixture models are both categorical (i.e., they assign 
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individuals to liability classes) and dimensional (i.e., they model differences in severity between 

classes through continuous latent variables), thereby facilitating meaningful distinctions 

between homogeneous groups while accounting for different levels of severity (B. Muthén, 

2006). Besides, hybrid modeling with longitudinal data seems to be particularly powerful in 

elucidating different paths of problematic development (Carragher et al., 2015; B. Muthén, 

2006). Second, recent integrations of latent variable and network modeling into one framework, 

namely, latent variable network modeling (Epskamp et al., 2017), have opened up exciting 

directions for future research. Latent variable modeling offers to compensate for the 

shortcomings of the other approach, respectively (Epskamp et al., 2017). First attempts to apply 

this new statistical method to psychological data have been made in the fields of depression 

(Belvederi Murri et al., 2022), posttraumatic stress disorder (G. Li et al., 2020), and eating 

disorder (Forbush et al., 2022), with overall versatile and promising results that complement 

the spectrum of psychometric models. 

Although it remains to be seen whether dimensional classification systems such as the 

HiTOP will actually replace our existing categorical systems as they intend to (DeYoung et al., 

2022, but see Haeffel, Jeronimus, Fisher, et al., 2022; Haeffel, Jeronimus, Kaiser, et al., 2022), 

dimensional models are increasingly finding their way into the conceptualization of 

psychopathology. One prominent example comprises conceptualization of personality 

disorders in the ICD-11 (Hopwood et al., 2018; World Health Organization, 2019). Following 

a categorical-dimensional hybrid approach, clinicians evaluate individuals on a dimensional 

scale and make categorical judgments by applying diagnostic thresholds (World Health 

Organization, 2019). In addition, the subthreshold ‘personality difficulty’ and three levels of 

severity of personality disorder can be amplified by six trait specifiers (World Health 

Organization, 2019). There is hope that, after some time of adjustment, clinicians may prefer 

the dimensional view over categorical thinking (Clark et al., 2017; Lahey et al., 2022). 

Nevertheless, such proposals are unlikely to gain acceptance and find broad implementation in 

clinical practice unless they offer clinically relevant information during patient interactions that 

justifies the investment of time and effort needed to adopt the new systems (Clark et al., 2017; 

Zimmerman, 2021). Beneficial directions for future research therefore include (a) identifying 

clinically relevant dimensions and appropriate cut-off thresholds for aspects requiring 

categorical decisions or treatment decisions (Clark et al., 2017), and (b) identifying useful 

dimensions for different aspects of care, e.g., types of treatment or interventions and their 

respective durations (Clark et al., 2017). Recognizing that such a shift will be challenging at 

best, Lahey et al. (2021) emphasize the importance of demonstrating that dimensional 
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assessments yield superior patient outcomes when compared to established categorical systems. 

For this purpose, Zimmerman (2021) proposes conducting randomized controlled treatment 

trials in which patients will be randomized and evaluated under either categorical or 

dimensional approaches. At this point, only the future can tell whether the treatment of most 

patients would remain the same or actually improve, depending on which diagnostic approach 

is chosen (Zimmerman, 2021). As Zimmerman (2021) states, “(…) before I put forth the time 

and effort to learn and use HiTOP, or a HiTOP-like system, I will need to see data 

demonstrating that this will improve the care I provide to my patients. Specifically, I would 

need to see studies showing that more of my patients are likely to get better” (p. 71). Overall, 

the assessment of mental disorders is moving toward more dimensional conceptualizations of 

psychopathology, but clinicians and researchers must be on board for this important shift to 

finally take hold. 

 

6.4 Conclusion 

This doctoral dissertation provided a comprehensive psychometric evaluation of the 

clinical parent interview for diagnosing externalizing disorders in children and adolescents 

(ILF-EXTERNAL) from the DISYPS-ILF (Görtz-Dorten et al., 2022) and, more generally, 

revisited contemporary aspects to the debate between categorical and dimensional concepts of 

diagnostic classification. The utilization of contemporary analytic methods, particularly the 

comparison of latent factor and network models, has revealed that resolving this debate 

empirically does not have a straightforward or all-encompassing solution. Each categorical and 

dimensional approach offers its own advantages, and integrating both approaches could 

potentially mitigate their respective limitations. The findings presented in this dissertation can 

serve as a roadmap for future investigations and contribute to establishing a robust diagnostic 

framework for mental disorders in children and adolescents, characterized by high-quality 

standards. Specifically, this dissertation has shown that (a) diagnostic agreement between 

clinicians was generally higher at the dimensional level compared to categorical diagnoses, (b) 

discrepancies among informants frequently hold valuable insights, and the significance of 

employing multiple informants in assessments lies in capturing the distinct viewpoints offered 

by each informant providing their respective reports, and (c) the network approach provides a 

more detailed, though intricate, understanding of the connections between individual symptoms 

and impairments. These findings, whilst intriguing, represent only the beginning of the journey 

and there is still a need to investigate categorical and dimensional concepts as well as recently 

proposed hybrid systems of psychopathology in greater detail. Moving forward, it is crucial to 
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place additional emphasis on the practicality of empirically derived dimensions, examining 

their clinical significance in terms of treatment selection and adaptive interventions. 

Furthermore, systematic investigation into patient outcomes when employing dimensional 

measures of psychopathology, as opposed to categorical measures, is warranted. 

The beginning of this doctoral dissertation featured two quotations, each symbolizing a 

core message of this work (cf. Clark et al., 2017). Edmund Burke's quote serves as a reminder 

that even though day and night lack distinct boundaries, we are still able to differentiate and 

classify them. Thomas S. Eliot's quote suggests that as our understanding of mental disorders 

deepens, we don't encounter completely unrecognizable insights, but rather a fresh and lucid 

perspective on what we previously grasped vaguely. After all, clinicians and scientists need to 

collaborate, rather than work against each other as they often have in the past, to address and 

further advance the debate between categorical and dimensional concepts of mental disorders. 

That day may seem a long way off, but it is the goal to strive for. 
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7 Appendix 

 

7.1 Supplementary material for:  

Toward a dimensional assessment of externalizing disorders in children: Reliability and 

validity of a semi-structured parent interview 

 

Supplemental Table 1 

Scale composition and interrater reliability of the ILF-EXTERNAL on the single item level 

No. Item ICC(1,1) 95% CI ICC(1,3) 95% CI Pairwise percent 

agreement 

ADHD Symptoms (A01-A09; B01-

B09) 

.91 .87 - .95 .97 .95 - .98 88.1 

- Inattention (A01-A09) .83 .74 - .90 .94 .89 - .96 85.2 

A01 Careless .73 .60 - .83 .89 .82 - .94 76.3 

A02 Sustaining attention .48 .30 - .65 .73 .57 - .85 68.9 

A03 Does not listen .80 .70 - .88 .92 .87 - .96 71.1 

A04 Does not finish work .69 .55 - .80 .87 .78 - .92 72.6 

A05 Organizational skills .71 .58 - .82 .88 .81 - .93 68.9 

A06 Concentration .74 .61 - .83 .89 .83 - .94 68.2 

A07 Loses things .84 .76 - .90 .94 .90 - .97 69.6 

A08 Easily distracted .64 .49 - .77 .84 .74 - .91 73.3 

A09 Forgetful .76 .64 - .85 .90 .84 - .94 62.2 

- Hyperactivity-Impulsivity (B01-B09) .95 .91 - .97 .98 .97 - .99 82.2 

B01 Fidgets .88 .82 - .93 .96 .93 - .98 82.2 

B02 Leaves seat .84 .75 - .90 .94 .90 - .97 74.1 

B03 Runs / climbs .79 .68 - .87 .92 .86 - .95 69.6 

B04 Playing quietly .77 .66 - .86 .91 .85 - .95 65.9 

B05 Driven / on the go .90 .85 - .94 .96 .74 - .98 75.6 

B06 Blurts out answers .86 .79 - .92 .95 .92 - .97 70.4 

B07 Awaiting turn .87 .80 - .92 .95 .92 - .97 71.9 

B08 Interrupts / intrudes .80 .70 - .88 .93 .88 - .86 73.3 

B09 Talks excessively .86 .78 - .91 .95 .91 - .97 77.8 

ADHD Functional Impairment (F01-

F05) (n = 39) 

.89 .82 - .94 .96 .93 - .98 80.7 

F01 Psychological strain (n = 43) .85 .77 - .91 .95 .91 - .97 76.7 

F02 Interferes with home life and 

family members (n = 42) 

.77 .65 - .86 .91 .85 - .95 74.8 

F03 Interferes with adult interaction 

(n = 42) 

.82 .72 - .89 .93 .88 - .96 75.6 

F04 Interferes with child interactions; 

interferes with recreational 

activities (n = 42) 

.84 .75 - .90 .94 .90 72.4 

F05 Interferes with educational 

activities (n = 39) 

.77 .66 - .87 .91 .81 - .95 71.5 

ODD/CD Symptoms - short version 

(A01-A08; B01-B05) 

.94 .90 - .96 .98 .97 - .99 91.1 

A01 Loses temper1 .84 .76 - .90 .94 .90 - .97 70.4 

A02 Touchy / easily annoyed1 .89 .83 - .93 .96 .94 - .98 80.0 
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No. Item ICC(1,1) 95% CI ICC(1,3) 95% CI Pairwise percent 

agreement 

A03 Angry / resentful1 .87 .80 - .92 .95 .93 - .97 78.5 

A04 Argues with adults .83 .74 - .90 .94 .90 - .96 76.3 

A05 Complies with requests .80 .70 - .88 .92 .88 - .96 69.6 

A06 Annoys .89 .83 - .93 .96 .94 - .98 78.5 

A07 Blames others .88 .81 - .92 .95 .93 - .98 78.5 

A08 Spiteful / vindictive .90 .85 - .94 .97 .94 - .98 91.1 

- CD Symptoms - short version (B01-

B05) 

.90 .85 - .94 .97 .94 - .98 88.2 

B01 Physical fights .88 .81 - .93 .96 .93 - .98 88.9 

B02 Bullies, threatens, or intimidates 

(n = 44) 

.85 .77 - .91 .95 .91 - .97 79.5 

B03 Cruel to animals .90 .85 - .94 .97 .94 - .98 94.1 

B04 Lies .77 .65 - .85 .91 .85 - .95 65.9 

B05 Steals without confrontation .78 .67 - .86 .91 .86 - .95 86.7 

B06 Uses weapon in fight2  - - - - 

B07 Cruel to people2 - - - - - 

B08 Steals with confrontation2 - - - - - 

B09 Sexual assault2 - - - - - 

B10 Fire setting2 - - - - - 

B11 Vandalism2 - - - - - 

B12 Breaking in2 - - - - - 

B13 Stays out at night2 - - - - - 

B14 Runs away from home 

overnight2 

- - - - - 

B15 Truancy2 - - - - - 

Disruptive Mood Dysregulation (D01-

D02; A01-A03) 

.90 .85 - .94 .97 .94 - .98 83.7 

D01 Recurrent temper outbursts .74 .61 - .83 .89 .83 - .94 69.6 

D02 Persistently irritable or angry 

mood 

.70 .57 - .81 .88 .80 - .93 65.2 

Limited Prosocial Emotions (C01a-

C04d) (n = 41) 

.93 .89 - .96 .98 .96 - .99 86.7 

C01a Lack of remorse / guilt (n = 44) .92 .88 - .96 .97 .96 - .98 92.4 

C01b Lack of concern (n = 44) .89 .82 - .93 .96 .93 - .98 80.3 

C02a Cold and uncaring (n = 44) .89 .83 - .94 .96 .94 - .98 85.6 

C02b Self-serving (n = 43) .92 .88 - .96 .97 .96 - .99 87.8 

C03a Indifferent of poor performance 

(n = 42) 

.86 .78 - .92 .95 .91 - .97 84.1 

C03b Avoids effort (n = 42) .85 .76 - .91 .94 .90 - .97 76.2 

C03c Blames others for poor 

performance (n = 42) 

.87 .80 - .93 .95 .92 - .97 76.2 

C04a Shallow / deficient affect (n = 

42) 

.69 .56 - .81 .87 .79 - .93 78.6 

C04b Turns emotions ‘on’ or ‘off’ 

quickly (n = 40) 

.81 .71 - .89 .93 .88 - .96 80.8 

C04c Manipulates (n = 41) .83 .73 - .90 .94 .89 - .96 83.7 

C04d Inconsistent affect (n = 41) .87 .80 - .93 .95 .92 - .97 93.5 

ODD/CD Functional Impairment 

(F01-F05) (n = 31) 

.92 .86 - .96 .97 .95 - .99 85.2 

F01 Psychological strain (n = 33) .79 .66 - .88 .92 .85 - .96 72.3 

F02 Interferes with home life and 

family members (n = 32) 

.80 .67 - .89 .92 .86 - .96 75.2 
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No. Item ICC(1,1) 95% CI ICC(1,3) 95% CI Pairwise percent 

agreement 

F03 Interferes with adult interaction 

(n = 32) 

.81 .69 - .89 .93 .87 - .96 68.0 

F04 Interferes with child interactions; 

interferes with recreational 

activities (n = 31) 

.89 .81 - .94 .96 .93 - .98 80.8 

F05 Interferes with educational 

activities (n = 31) 

.88 .80 - .94 .96 .92 - .98 81.9 

Note. ADHD = attention-deficit/hyperactivity disorder; CD = conduct disorder; CI = confidence 

interval; ICC = Intraclass correlation; ICC(1,1) = one-way random-effects, absolute agreement 

model for single rater/measurements; ICC(1,3) = one-way random-effects, absolute agreement 

model based on a mean-rating; ODD = oppositional defiant disorder; n = 45 (if not otherwise 

specified). 
1 Items also included in the Disruptive Mood Dysregulation scale. 
2 The items B06 to B15 assessing aggressive and antisocial symptoms from the age of 11 were 

excluded from further analyses due to an obvious floor effect. 
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Supplemental Table 2 

Interrater reliability of the ILF-EXTERNAL scales between two independent raters 

Scale ICC(2,1) 95% CI ICC(2,2) 95% CI Pairwise percent  

agreement 

n 

ADHD Symptoms .95 .83 - .98 .97 .91 - .99 86.7 45 

- Inattention  .84 .71 - .91 .91 .83 - .95 82.2 45 

- Hyperactivity-

Impulsivity  

.96 .91 - .98 .98 .95 - .99 75.6 45 

ADHD Functional 

Impairment 

.90 .82 - .95 .95 .90 - .97 75.6 39 

ODD/CD Symptoms - 

short version 

.96 .92 - .98 .98 .96 - .99 86.7 45 

- ODD Symptoms  .95 .90 - .97 .97 .95 - .99 84.4 45 

- CD Symptoms - short 

version  

.91 .84 - .95 .95 .91 - .97 86.7 44 

Disruptive Mood 

Dysregulation 

.91 .85 - .95 .96 .92 - .98 80.0 45 

Limited Prosocial 

Emotions  

.97 .94 - .98 .98 .97 - .99 82.2 41 

ODD/CD Functional 

Impairment 

.92 .84 - .96 .96 .91 - .98 77.8 31 

Note. ADHD = attention-deficit/hyperactivity disorder; CD = conduct disorder; CI = confidence 

interval; ICC = Intraclass correlation; ICC(2,1) = two-way random-effects, absolute agreement 

model for single rater/measurements; ICC(2,2) = two-way random-effects, absolute agreement 

model based on a mean-rating; ODD = oppositional defiant disorder. 
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7.2 Supplementary material for:  

Disentangling symptoms of externalizing disorders in children using multiple measures 

and informants  

 

Table S1  

Descriptive information for all dimensions of externalizing disorders 

Dimension Number of items Cronbach’s α Item-Total Correlation  Mean (SD) N 

Clinical Interview 

IN 9 .71 .29 - .49 1.95 (0.48) 474 

HI 9 .87 50 - .68 1.64 (0.73) 474 

ODD-AD 10 .86 .43 - .66 1.05 (0.62) 452 

CD 5 .60 .22 - .47 0.40 (0.43) 450 

CU 11 .77 .23 - .58 0.50 (0.42) 446 

Parent Ratings 

IN 9 .86 .50 - .68 2.03 (0.57) 421 

HI 9 .90 .61 - .70 1.70 (0.74) 413 

ODD-AD 10 .90 .56 - .76 1.22 (0.66) 425 

CD 5 .64 .29 - .55 0.37 (0.42) 422 

CU 11 .86 .48 - .68 0.68 (0.54) 423 

Teacher Ratings 

IN 9 .87 .56 - .72 1.91 (0.64) 246 

HI 9 .93 .68 - .80 1.37 (0.89) 251 

ODD-AD 10 .92 .49 - .80 0.91 (0.74) 262 

CD 5 .67 .19 - .70 0.37 (0.43) 234 

CU 11 .88 .47 - .72 0.68 (0.62) 256 

Note. Clinician ratings were based on the Clinical Parent Interview for Externalizing Disorders 

in Children and Adolescents (ILF-EXTERNAL). Parents and teachers completed symptom 

checklists for the assessment of ADHD symptoms and symptoms of disruptive behavior 

disorders (FBB-ADHS; FBB-SSV). IN = Inattention; HI = Hyperactivity-impulsivity; ODD-

AD = Oppositionality with chronic irritability/anger; CD = Conduct disorder; CU = Callous-

unemotional
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Table S2 

Standardized factor loadings (standard error) for the unidimensional CFA model, first-order CFA model, higher-order CFA model, and ESEM 

solutions for clinician ratings 

 
Symptoms Unidimensional 

CFA 

First-Order 

CFA 

First-Order  

ESEM 

Higher-Order 

CFA 

Higher-Order  

ESEM 

   IN HI ODD-AD CD CU  IN HI ODD-AD CD CU 

A01 Careless .24 (.05)*** .45 (.05)*** .50 

(.05)*** 

-.02 (.05) -.03 (.05) -.21 
(.06)*** 

.14 
(.05)** 

.44 (.06)*** .51 

(.05)*** 

0.02 (.06) -.07 (.06) -.24 
(.07)** 

.17 (.07)** 

A02 Sustaining attention .30 (.04)*** .53 (.05)*** .47 

(.06)*** 

.12 (.05)* .06 (.05) -.20 

(.06)*** 

.01 (.06) .51 (.05)*** .49 

(.05)*** 

0.17 

(.06)** 

.03 (.06) -.22 

(.06)*** 

.02 (.06) 

A03 Does not listen .28 (.05)*** .46 (.06)*** .41 

(.06)*** 

.08 (.05) .09 (.05) -.09 (.06) -.06 (.06) .45 (.06)*** .41 

(.06)*** 

0.12 (.06)* .07 (.06) -.13 (.06)* -.03 (.06) 

A04 Does not finish work .38 (.04)*** .64 (.05)*** .67 

(.04)*** 

-.02 (.05) .05 (.05) .02 (.06) -.04 (.06) .65 (.05)*** .70 

(.04)*** 

-0.02 

(.00)*** 

.05 

(.00)*** 

.02 

(.00)*** 

-.04 (.00)*** 

A05 Organizational skills .36 (.04)*** .60 (.05)*** .66 

(.05)*** 

-.09 (.05)* .04 (.05) .15 (.06)* -.05 (.05) .61 (.05)*** .63 

(.05)*** 

-0.06 (.06) .01 (.07) .10 (.07) .02 (.07) 

A06 Concentration .28 (.04)*** .43 (.05)*** .37 

(.06)*** 

-.09 (.05) .12 (.06)+ -.13 (.06)* .16 
(.06)** 

.45 (.05)*** .37 

(.05)*** 

-0.07 (.06) .09 (.07) -.13 (.07) .18 (.06)** 

A07 Loses things .31 (.04)*** .50 (.05)*** .46 

(.06)*** 

.03 (.05) -.08 (.06) .15 (.06)* .06 (.06) .51 (.05)*** .46 

(.06)*** 

0.04 (.06) -.09 (.06) .14 (.07) .10 (.07) 

A08 Easily distracted .38 (.05)*** .61 (.05)*** .48 

(.06)*** 

.31 

(.06)*** 

.03 (.06) -.06 (.06) -.19 

(.06)** 

.58 (.06)*** .49 (.06)** 0.35 

(.06)*** 

.01 (.06) -.10 (.07) -.17 (.06)** 

A09 Forgetful .36 (.04)*** .60 (.05)*** .58 

(.05)*** 

-0.040 

(.05) 

-.02 (.05) .06 (.05) .11 (.05)* .61 (.05)*** .57 

(.05)*** 

-0.02 (.07) -.04 (.07) .03 (.07) .16 (.07)* 

B01 Fidgets .63 (.03)*** .77 (.03)*** .15 

(.04)** 

.78 

(.03)*** 

-.01 (.04) -.00 (.05) -.09 (.05) .77 (.03)*** .15 

(.01)*** 

.80 

(.03)*** 

-.01 

(.00)*** 

-.00 

(.00)*** 

-.09 (.00)*** 

B02 Leaves seat .60 (.03)*** .73 (.03)*** .03 (.04) .71 

(.04)*** 

.03 (.05) .11 (.05)* -.03 (.05) .73 (.03)*** .07 (.05) .70 

(.04)*** 

.05 (.06) .09 (.06) -.06 (.06) 

B03 Runs / climbs .66 (.03)*** .79 (.03)*** .07 (.04) .76 

(.03)*** 

.01 (.04) .09 (.04)* -.02 (.05) .79 (.03)*** .12 (.06)* .75 

(.04)*** 

.04 (.05) .06 (.06) -.05 (.06) 

B04 Playing quietly .52 (.04)*** .63 (.04)*** .09 (.05) .49 

(.05)*** 

.04 (.04) .13 (.05)* .07 (.06) .63 (.04)*** .12 (.06)* .48 

(.05)*** 

.06 (.06) .12 (.06) .05 (.06) 

B05 Driven / on the go .65 (.03)*** .78 (.03)*** .08 (.04) .74 

(.03)*** 

.01 (.05) .08 (.04) .00 (.04) .78 (.03)*** .12 (.06)* .73 

(.04)*** 

.04 (.05) .06 (.06) -.03 (.06) 

B06 Blurts out answers .52 (.04)*** .64 (.03)*** .04 (.05) .62 

(.04)*** 

.04 (.05) -.03 (.05) .03 (.05) .64 (.03)*** .09 (.06) .61 

(.04)*** 

.06 (.06) -.06 (.06) .10 (.06) 

B07 Awaiting turn .57 (.03)*** .69 (.03)*** .06 (.05) .58 

(.04)*** 

.07 (.05) .02 (.05) .09 (.05) .69 (.03)*** .11 (.06) .57 

(.04)*** 

.09 (.06) -.00 (.06) .07 (.06) 

B08 Interrupts / intrudes .64 (.03)*** .76 (.03)*** .12 

(.05)** 

.63 

(.04)*** 

.10 (.04)* .04 (.05) .02 (.05) .76 (.03)*** .16 (.06)** .63 

(.04)*** 

.12 (.05)* .01 (.06) .00 (.06) 

B09 Talks excessively .49 (.04)*** .61 (.04)*** .07 (.05) .58 

(.04)*** 

.00 (.05) -.12 (.05)* .10 (.05) .60 (.04)*** .12 (.06)* .58 

(.04)*** 

.02 (.06) -.15 (.06)* .08 (.06) 
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Symptoms Unidimensional 

CFA 

First-Order 

CFA 

First-Order  

ESEM 

Higher-Order 

CFA 

Higher-Order  

ESEM 

   IN HI ODD-AD CD CU  IN HI ODD-AD CD CU 

A01 Loses temper .74 (.02)*** .77 (.03)*** .00 (.04) -.04 (.04) 1.01 

(.03)*** 

-.26 

(.04)*** 

-.05 (.04) .82 (.02)*** .00 

(.00)*** 

-.04 

(.00)*** 

1.01 

(.03)*** 

-.26 

(.02)*** 

-.05 (.01)*** 

A02 Touchy / easily annoyed .66 (.03)*** .73 (.03)*** .20 
(.04)*** 

-.08 (.04) .73 

(.04)*** 

.10 (.05)* -.08 (.04) .74 (.03)*** .15 (.05)** -.07 (.06) .72 

(.04)*** 

.09 (.06) -.04 (.05) 

A03 Angry / resentful .57 (.03)*** .79 (.03)*** .10 (.05)* -.01 (.05) .54 

(.05)*** 

.15 (.05)** .04 (.05) .65 (.03)*** .07 (.06) -.02 (.06) .55 

(.05)*** 

.15 (.06)** .06 (.06) 

A04 Argues with adults .64 (.03)*** .63 (.04)*** .01 (.05) .07 (.04) .58 

(.04)*** 

.05 (.05) .14 

(.05)** 

.71 (.03)*** .00 (.05) .05 (.05) .59 

(.04)*** 

.07 (.06) .14 (.06) 

A05 Complies with requests .67 (.03)*** .78 (.03)*** .04 (.04) .05 (.04) .49 

(.04)*** 

.19 (.05) .24 

(.05)*** 

.75(.03)*** .03 (.06) .01 (.06) .51 

(.06)*** 

.22 (.07)** .24 (.07)** 

A06 Annoys .56 (.04)*** .64 (.03)*** -.15 

(.06)** 

.21 

(.05)*** 

.35 

(.05)*** 

.27 

(.06)*** 

.17 

(.06)** 

.62 (.04)*** -.15 (.07)* .16 (.07)* .39 

(.06)*** 

.28 

(.06)*** 

.16 (.08)* 

A07 Blames others .57 (.04)*** .69 (.03)*** .16 
(.05)** 

.09 (.05) .21 

(.05)*** 

.17 (.06)* .32 
(.06)*** 

.63 (.04)*** .16 (.07)* .05 (.07) .23 (.07)** .18 (.07)** .33 (.07)*** 

A08 Spiteful / vindictive .52 (.05)*** .76 (.03)*** -.03 (.07) .01 (.07) .44 

(.07)*** 

.25 (.08)** .13 (.07) .60 (.05)*** -.07 (.08) -.03 (.08) .46 

(.07)*** 

.27 

(.08)*** 

.13 (.08) 

D01 Recurrent temper 

outbursts 

.75 (.02)*** .61 (.04)*** -.06 (.04) .00 (.04) .94 

(.03)*** 

-.17 

(.04)** 

-.03 (.04) .81 (.02)*** -.07 (.05) .00 (.05) .92 

(.04)*** 

-.13 (.06)* -.04 (.05) 

D02 Persistently irritable or 

angry mood 

.64 (.03)*** .77 (.03)*** .07 (.05) -.06 (.05) .74 

(.04)*** 

.18 (.05)* -.10 (.05) .72 (.03)*** .02 (.06) -.06 (.07) .74 

(.05)*** 

.20 (.07)** -.08 (.07) 

B01 Physical fights .55 (.04)*** .71 (.04)*** -.06 (.06) .17 

(.06)** 

.41 

(.05)*** 

.36 

(.07)*** 

-.03 (.06) .71 (.04)*** -.08 (.06) .14 (.07)* .44 

(.05)*** 

.37 

(.06)*** 

-.03 (.07) 

B02 Bullies, threatens, or 
intimidates 

.59 (.04)*** .77 (.04)*** -.05 (.06) .11 (.06) .46 
(.06)*** 

.49 

(.07)*** 

-.06 (.06) .77 (.04)*** -.05 
(.00)*** 

.11 
(.00)*** 

.46 
(.01)*** 

.48 

(.04)*** 

-.06 (.01)*** 

B03 Cruel to animals .43 (.07)*** .55 (.08)*** .02 (.10) .17 (.10) .05 (.09) .25 (.12)* .28 

(.10)** 

.55 (.08)*** .04 (.11) .12 (.10) .08 (.10) .27 (.15)* .27 (.11)* 

B04 Lies .47 (.04)*** .62 (.05)*** .08 (.05) .05 (.05) .13 (.05)* .27 

(.06)*** 

.31 

(.06)*** 

.62 (.05)*** .09 (.07) -.00 (.07) .15 (.07)* .29 

(.07)*** 

.31 (.07)*** 

B05 Steals without 

confrontation 

.39 (.06)*** .50 (.07)*** -.08 (.07) .22 

(.07)** 

.06 (.08) .31 (.09)** .20 (.08)* .50 (.07)*** -.06 (.08) .16 (.08) .09 (.09) .34 

(.09)*** 

.18 (.10) 

C01a Lack of remorse / guilt .56 (.04)*** .77 (.04)*** 0.02 (.05) -.04 (.05) .09 (.05) .42 

(.06)*** 

.51 

(.06)*** 

.77 (.04)*** .01 (.08) -.12 (.09) .14 (.09) .42 

(.08)*** 

.53 (.07)*** 

C01b Lack of concern .55 (.04)*** .74 (.04)*** 0.01 (.05) .02 (.05) .14 (.05)** .26 

(.06)*** 

.48 

(.06)*** 

.75 (.04)*** .01 (.07) -.04 (.07) .18 (.08)* .27 (.08)** .49 (.07)*** 

C02a Cold and uncaring .52 (.05)*** .73 (.04)*** 0.06 (.06) -.14 (.06)* .10 (.05) .19 (.07) 

** 

.63 

(.06)*** 

.72 (.04)*** .05 (.08) -.20 (.09)* .13 (.09) .20 (.09)* .65 (.07)*** 

C02b Self-serving  .54 (.04)*** .74 (.04)*** -0.02 (.05) .11 (.05)* -.01 (.05) .12 (.05)** .68 

(.05)*** 

.74 (.04)*** .01 (.08) .04 (.08) .03 (.09) .15 (.09) .67 (.06)*** 

C03a Indifferent of poor 

performance 

.21 (.05)*** .37 (.06)*** 0.16 

(.06)** 

-.15 (.06)* -.17 

(.05)** 

.03 (.07) .56 

(.06)*** 

.37 (.06)*** .17 (.08)* -.19 (.08)* -.16 (.09) .04 (.09) .58 (.07)*** 

C03b Avoids effort .27 (.04)*** .40 (.05)*** 0.14 

(.06)* 

-.08 (.06) -.05 (.05) .03 (.06) .45 

(.06)*** 

.40 (.05)*** .16 (.06)* -.12 (.07) -.04 (.07) .04 (.07) .46 (.06)*** 

 C03c Blames others for poor 

performance 

.37 (.05)*** .51 (.05)*** 0.07 (.06) .03 (.06) -.03 (.05) .12 (.06) .47 

(.06)*** 

.51 (.05)*** .08 (.08) -.02 (.08) -.01 (.08) .13 (.08) .47 (.06)*** 
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Symptoms Unidimensional 

CFA 

First-Order 

CFA 

First-Order  

ESEM 

Higher-Order 

CFA 

Higher-Order  

ESEM 

   IN HI ODD-AD CD CU  IN HI ODD-AD CD CU 

C04a Shallow / deficient affect .31 (.06)*** .48 (.06)*** -0.08 (.07) -.01 (.06) .04 (.05) -.30 

(.06)*** 

.71 

(.06)*** 

.48 (.06)*** -.09 

(.01)*** 

-.01 

(.00)*** 

.04 

(.00)*** 

-.30 

(.03)*** 

.72 (.07)*** 

C04b Turns emotions ‘on’ or 
‘off’ quickly 

.36 (.05)*** .50 (.06)*** -0.09 (.07) .16 (.07)* .04 (.05) -.11 (.07) .51 

(.07)*** 

.50 (.06)*** -.04 (.08) .11 (.08) .05 (.07) -.07 (.08) .48 (.07)*** 

C04c Manipulates .26 (.05)*** .35 (.06)*** -0.14 

(.06)* 

.18 (.07)* .09 (.05) -.30 

(.07)*** 

.43 

(.07)*** 

.35 (.06)*** -.07 (.07) .15 (.08) .09 (.07) -.24 

(.08)** 

.38 (.07)*** 

C04d Inconsistent affect .44 (.05)*** .60 (.06)*** 0.14 

(.06)* 

.07 (.07) .15 (.05)* -.39 

(.07)*** 

.58 

(.08)** 

.61 (.06)*** .19 (.08)* .06 (.08) .13 (.09) -.35 

(.09)*** 

.56 (.08)*** 

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; IN = Inattention; HI = Hyperactivity-impulsivity; 

ODD-AD = Oppositionality with chronic irritability/anger; CD = Conduct disorder; CU = Callous-unemotional. Target factor loadings are in bold. 

*p < .05; **p < .01; ***p < .001. 
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Table S3  

Standardized factor correlations for the first-order CFA model (above the diagonal) and first-

order ESEM model (below the diagonal) 

Factors 1 2 3 4 5 

1 IN  - .50*** .36*** .30*** .38*** 

2 HI .32*** - .47*** .47*** .33*** 

3 ODD-AD .25*** .36*** - .75*** .58*** 

4 CD .07 .11** .32*** - .59*** 

5 CU .31*** .18*** .39*** .26*** - 

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; 

IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = Oppositionality with chronic 

irritability/anger; CD = Conduct disorder; CU = Callous-unemotional. 

**p < .01; ***p < .001. 
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Table S4 

Standardized factor loadings (standard error) of the first-order factors on the second-order factor and residual variances (standard error) for the 

higher-order CFA model and higher-order ESEM solution 

Factors Higher-Order CFA Model Higher-Order ESEM Model 

 Factor Loadings on Second-

Order Factor 

Residual Variances Factor Loadings on 

Second-Order Factor 

Residual Variances 

Externalizing Spectrum Disorders     

Inattention .55 (.05)*** .70 (.05)*** .43 (.11)*** .82 (.10)*** 

Hyperactivity-Impulsivity .60 (.04)*** .64 (.05)*** .51 (.12)*** .74 (.12)*** 

Oppositionality with Chronic 

Irritability/Anger 

.82 (.03)*** .34 (.05)*** .68 (.10)*** .50 (.14)*** 

Conduct Disorder .85 (.04)*** .28 (.07)*** .37 (.10)*** .86 (.08)*** 

Callous-Unemotional .67 (.04)*** .55 (.05)*** .54 (.11)*** .71 (.12)*** 

Note. CFA = Confirmatory Factor analysis; ESEM = Exploratory structural equation modeling. 

***p < .001. 
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Table S5  

Standardized factor loadings (standard error), omega factor reliability coefficients, and explained common variance for the bifactor CFA model 

and bifactor ESEM solution for clinician ratings 

Symptoms Bifactor CFA Bifactor ESEM 

 G-EXT S-IN S-HI S-ODD-AD S-CD S-CU G-EXT S-IN S-HI S-ODD-AD S-CD S-CU 

A01 Careless .18 (.06)** .50 (.05)***     .13 (.06)* .49 (.05)*** .08 (.05) -.00 (.05) -.13 (.06)* .19 (.05)*** 

A02 Sustaining attention .26 (.05)*** .48 (.05)***     .14 (.05)** .49 (.05)*** .22 (.05)*** .09 (.04)* .01 (.06) .11 (.06) 

A03 Does not listen .25 (.05)*** .35 (.06)***     .22 (.06)*** .35 (.06)*** .15 (.05)** .04 (.05) -.30 (.06)*** -.03 (.06) 

A04 Does not finish work .33 (.05)*** .60 (.04)***     .29 (.05)*** .62 (.04)*** .07 (.04) .01 (.04) .08 (.05) -.01 (.05) 

A05 Organizational skills .32 (.05)*** .53 (.04)***     .36 (.05)*** .54 (.04)*** -.03 (.04) -.06 (.05) -.04 (.06) -.07 (.05) 

A06 Concentration .27 (.05)*** .32 (.06)***     .20 (.05)*** .37 (.05)*** -.01 (.05) .10 (.05)* .03 (.06) .19 (.05) *** 

A07 Loses things .29 (.05)*** .39 (.05)***     .29 (.05)*** .41 (.05)*** .03 (.05) -.11 (.05)* .17 (.06)* .02 (.06) 

A08 Easily distracted .34 (.05)*** .41 (.06)***     .19 (.06)** .45 (.06)*** .37 (.05)*** .05 (.05) -.00 (.06) -.10 (.06) 

A09 Forgetful .34 (.05)*** .48 (.05)***     .33 (.05)*** .50 (.04)*** .01 (.04) -.07 (.05) -.02 (.05) .08 (.05) 

B01 Fidgets .39 (.05)***  .71 (.04)***    .33 (.06)*** .16 (.04)*** .73 (.04)*** .03 (.04) 0.05 (.05) -.06 (.05) 

B02 Leaves seat .41 (.05)***  .61 (.04)***    .37 (.05)*** .04 (.04) .63 (.04)*** .03 (.04) 0.20 (.05)*** -.05 (.05) 

B03 Runs / climbs .45 (.05)***  .66 (.04)***    .41 (.05)*** .08 (.04)* .68 (.03)*** .02 (.03) 0.11 (.04)* -.04 (.04) 

B04 Playing quietly .43 (.05)***  .42 (.04)***    .40 (.05)*** .08 (.05) .42 (.04)*** .00 (.05) 0.14 (.05)** .01 (.05) 

B05 Driven / on the go .44 (.05)***  .66 (.04)***    .40 (.05)*** .09 (.04)* .66 (.04)*** .02 (.04) 0.13 (.05)** -.02 (.04) 

B06 Blurts out answers .37 (.05)***  .54 (.04)***    .35 (.05)*** .03 (.04) .56 (.04)*** .01 (.05) -0.17 (.05)*** -.00 (.05) 

B07 Awaiting turn .46 (.05)***  .48 (.04)***    .42 (.05)*** .05 (.04) .52 (.04)*** .03 (.05) -0.06 (.05) .04 (.05) 

B08 Interrupts / intrudes .50 (.04)***  .54 (.04)***    .47 (.05)*** .08 (.04)* .57 (.04)*** .04 (.04) -0.10 (.05)* -.03 (.04) 

B09 Talks excessively .33 (.05)***  .52 (.04)***    .31 (.06)*** .06 (.04) .55 (.04)*** -.00 (.05) -0.25 (.05)*** .08 (.05) 

A01 Loses temper .52 (.05)***   .75 (.04)***   .46 (.05)*** .05 (.03) .07 (.04)* .78 (.04)*** -0.01 (.04) .05 (.04) 

A02 Touchy / easily annoyed .59 (.04)***   .48 (.05)***   .64 (.05)*** .07 (.04) -.03 (.04) .46 (.05)*** -0.31 (.05)*** -.14 (.05)** 

A03 Angry / resentful .56 (.04)***   .33 (.05)***   .58 (.04)*** .00 (.05) -.01 (.04) .30 (.05)*** -0.12 (.05)* -.05 (.05) 

A04 Argues with adults .62 (.04)***   .33 (.05)***   .57 (.04)*** -.01 (.04) .06 (.04) .39 (.04)*** 0.08 (.05) .08 (.04) 

A05 Complies with requests .71 (.03)***   .22 (.05)***   .67 (.04)*** .00 (.04) -.01 (.04) .28 (.04)*** 0.17 (.05)*** .11 (.04)* 

A06 Annoys .61 (.04)***   .11 (.06)   .59 (.04)*** -.20 (.05)*** .10 (.05)* .16 (.05)** 0.08 (.05) .01 (.06) 

A07 Blames others .66 (.04)***   -.02 (.05)   .58 (.04)*** .10 (.04)* .03 (.04) .06 (.04) 0.07 (.05) .17 (.06)** 
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Symptoms Bifactor CFA Bifactor ESEM 

 G-EXT S-IN S-HI S-ODD-AD S-CD S-CU G-EXT S-IN S-HI S-ODD-AD S-CD S-CU 

A08 Spiteful / vindictive .54 (.06)***   .23 (.07)**   .55 (.06)*** -.11 (.06)* -.05 (.06) .23 (.07)** 0.12 (.07) .01 (.07) 

D01 Recurrent temper outbursts .51 (.05)***   .72 (.04)***   .45 (.05)*** .01 (.04) .07 (.04) .76 (.04)*** 0.17 (.04)*** .05 (.04) 

D02 Persistently irritable or angry mood .56 (.05)***   .50 (.05)***   .60 (.05)*** -.02 (.04) -.04 (.05) .46 (.05)*** 0.02 (.05) -.15 (.05)** 

B01 Physical fights .59 (.05)***    .37 (.29)  .58 (.05)*** -.13 (.05)** .08 (.05) .19 (.06)** .18 (.07)* -.16 (.06)** 

B02 Bullies, threatens, or intimidates .64 (.05)***    .80 (.61) a  .65 (.05)*** -.14 (.06)* -.01 (.05) .20 (.06)** .29 (.08)*** -.23 (.06)*** 

B03 Cruel to animals .50 (.07)***    -.04 (.12)  .45 (.07)*** .01 (.09) .07 (.08) -.04 (.09) .26 (.09)** .13 (.10) 

B04 Lies .55 (.04)***    .06 (.09)  .52 (.05)*** .06 (.05) -.05 (.05) .01 (.04) .34 (.06)*** .15 (.06)* 

B05 Steals without confrontation .45 (.06)***    .09 (.12)  .41 (.07)*** -.06 (.07) .08 (.06) -.03 (.06) .52 (.08)*** .05 (.08) 

C01a Lack of remorse / guilt .55 (.05)***     .47 (.05)*** .72 (.04)*** -.11 (.04)* -.18 (.05) -.13 (.04)** -.02 (.06) .20 (.09)* 

C01b Lack of concern .55 (.04)***     .41 (.05)*** .64 (.04)*** -.08 (.05) -.08 (.05) -.03 (.05) -.02 (.05) .25 (.07)*** 

C02a Cold and uncaring .46 (.06)***     .60 (.05)*** .63 (.06)*** -.07 (.05) -.21 (.05) -.10 (.05) -.27 (.06)*** .38 (.10)*** 

C02b Self-serving  .50 (.05)***     .53 (.05)*** .57 (.05)*** -.04 (.05) .00 (.05) -.10 (.05)* .03 (.05) .46 (.06)*** 

C03a Indifferent of poor performance .13 (.06)*     .62 (.06)*** .29 (.07)*** .12 (.06) -.18 (.06) -.20 (.05)*** -.09 (.06) .40 (.08)*** 

C03b Avoids effort .23 (.05)***     .43 (.05)*** .31 (.06)*** .13 (.05)** -.12 (.05) -.09 (.05) .03 (.06) .32 (.06)*** 

C03c Blames others for poor performance .37 (.05)***     .34 (.06)*** .41 (.05)*** .05 (.06)** -.04 (.05) -.10 (.05) .08 (.06) .31 (.07)*** 

C04a Shallow / deficient affect .25 (.07)***     .55 (.06)*** .23 (.07)** .01 (.06) -.02 (.06) .07 (.06) -.05 (.06) .64 (.06)*** 

C04b Turns emotions ‘on’ or ‘off’ quickly .35 (.06)***     .33 (.07)*** .28 (.06)*** -.02 (.06) .11 (.06) .06 (.06) .13 (.06)* .44 (.07)*** 

C04c Manipulates .26 (.06)***     .18 (.07)* .09 (.06) .01 (.06) .18 (.06) .18 (.06)** .21 (.07)** .46 (.07)*** 

C04d Inconsistent affect .43 (.06)***     .37 (.07)*** .27 (.07)*** .24 (.06)*** .12 (.07) .18 (.06)** -.02 (.07) .59 (.06)*** 

ω .95 .79 .90 .91 .77 .85 .95 .82 .92 .92 .78 .87 

ωH / ωS .77 .56 .59 .25 .14 .50 .73 .68 .70 .32 .23 .47 

Explained common variance (%) 48      43      

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; G-EXT = General factor of externalizing spectrum 

disorders; S = Specific factor; IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = Oppositionality with chronic irritability/anger; CD = 

Conduct disorder; CU = Callous-unemotional; ω = Omega (amount of variance accounted for by the g-factor and the s-factors taken together), ωH = 

Omega hierarchical general (amount of variance accounted for by the g-factor), ωS = Omega hierarchical subscale (amount of variance accounted for 

by the s-factors). Target factor loadings are in bold. 
a Due to a negative residual variance of item B02 Bullies, threatens, intimates within the CD factor, the Bifactor CFA model should only be interpreted 

with caution. *p < .05; **p < .01; ***p < .001. 



 

159 
 

Table S6 

Standardized factor loadings (standard error), omega factor reliability coefficients, and explained common variance for the bifactor S-1 CFA model 

and bifactor S-1 ESEM solution for clinician ratings 

Symptoms Bifactor S-1 CFA Bifactor S-1 ESEM 

 G-HI-ref S-IN S-ODD-AD S-CD S-CU G-HI-ref S-IN S-ODD-AD S-CD S-CU 

A01 Careless .16 (.05)** .48 (.05)***    .19 (.05)*** .47 (.05)*** -.02 (.04) -.18 (.06)** .13 (.05)** 

A02 Sustaining attention .28 (.05)*** .41 (.05)***    .31 (.05)*** .42 (.05)*** .03 (.05) -.20 (.06)*** -.01(.05) 

A03 Does not listen .26 (.05)*** .33 (.06)***    .26 (.05)*** .37 (.06)*** .07 (.05) -.09 (.06) -.07 (.06) 

A04 Does not finish work .28 (.05)*** .60 (.04)***    .30 (.05)*** .60 (.04)*** .05 (.04) .04 (.06) -.03 (.05) 

A05 Organizational skills .24 (.05)*** .60 (.04)***    .25 (.05)*** .59 (.04)*** .04 (.05) .17 (.06)** -.03 (.05) 

A06 Concentration .18 (.05)*** .43 (.05)***    .17 (.05)** .34 (.05)*** .11 (.05)* -.11 (.06) .16 (.05)** 

A07 Loses things .24 (.05)*** .45 (.05)***    .26 (.05)*** .40 (.05)*** -.07 (.05) .16 (.06)* .06 (.06) 

A08 Easily distracted .42 (.05)*** .29 (.06)***    .43 (.05)*** .41 (.06)*** -.01 (.05) -.09 (.06) -.21 (.06)*** 

A09 Forgetful .26 (.05)*** .58 (.04)***    .27 (.05)*** .52 (.04)*** -.01 (.05) .07 (.05) .11 (.05)* 

B01 Fidgets .78 (.03)***     .77 (.03)*** .06 (.04) -.13 (.04)*** -.10 (.05)* -.18 (.05)*** 

B02 Leaves seat .73 (.03)***     .73 (.03)*** -.05 (.04) -.09 (.04)* .01 (.05) -.11 (.04)* 

B03 Runs / climbs .79 (.03)***     .78 (.02)*** -.01 (.04) -.11 (.04)** -.01 (.05) -.11 (.05)* 

B04 Playing quietly .63 (.04)***     .60 (.04)*** .03 (.05) -.05 (.05) .06 (.06) .00 (.05) 

B05 Driven / on the go .78 (.03)***     .77 (.03)*** -.00 (.04) -.11 (.04)** -.01 (.05) -.09 (.04)* 

B06 Blurts out answers .64 (.03)***     .63 (.03)*** -.01 (.04) -.06 (.05) -.11 (.06) -.04 (.05) 

B07 Awaiting turn .69 (.03)***     .66 (.03)*** .00 (.04) -.03 (.04) -.06 (.06) .02 (.05) 

B08 Interrupts / intrudes .76 (.03)***     .73 (.03)*** .05 (.04) -.02 (.04) -.04 (.05) -.06 (.04) 

B09 Talks excessively .60 (.04)***     .59 (.04)*** .02 (.04) -.09 (.05) -.19 (.05)** .02 (.05) 

A01 Loses temper .29 (.05)***  .79 (.03)***   .43 (.05)*** .01 (.03) .86 (.04)*** -.26 (.04)*** -.06 (.04) 

A02 Touchy / easily annoyed .34 (.05)***  .66 (.03)***   .42 (.05)*** .17 (.04) .62 (.04)*** .10 (.04)* -.08 (.04)* 

A03 Angry / resentful .32 (.05)***  .56 (.04)***   .39 (.05)*** .08 (.05) .45 (.05)*** .14 (.05)** .03 (.05) 

A04 Argues with adults .37 (.05)***  .59 (.04)***   .47 (.05)*** -.01 (.04) .47 (.04)*** .03 (.05) .11 (.05)* 

A05 Complies with requests .39 (.04)***  .64 (.03)***   .48 (.05)*** .01 (.04) .40 (.04)*** .16 (.05)** .21 (.05)*** 

A06 Annoys .37 (.05)***  .48 (.04)***   .47 (.05)*** -.17 (.05) .26 (.05)*** .22 (.06)*** .13 (.06)* 

A07 Blames others .39 (.05)***  .46 (.04)***   .44 (.05)*** .12 (.05) .16 (.05)** .15 (.05)** .28 (.05)*** 
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Symptoms Bifactor S-1 CFA Bifactor S-1 ESEM 

 G-HI-ref S-IN S-ODD-AD S-CD S-CU G-HI-ref S-IN S-ODD-AD S-CD S-CU 

A08 Spiteful / vindictive .26 (.07)***  .56 (.05)***   .35 (.07)*** -.07 (.06) .36 (.07)*** .22 (.07)** .11 (.07) 

D01 Recurrent temper outbursts .29 (.05)***  .79 (.03)***   .44 (.05)*** -.06 (.03) .79 (.04)*** -.19 (.04)*** -.04 (.04) 

D02 Persistently irritable or angry mood .30 (.05)***  .67 (.03)***   .40 (.05)*** .04 (.04) .63 (.04)*** .17 (.05)** -.10 (.05)* 

B01 Physical fights .36 (.05)***   .60 (.05)***  .46 (.05)*** -.10 (.05) .31 (.05)*** .32 (.07)*** -.06 (.06) 

B02 Bullies, threatens, or intimidates .34 (.06)***   .72 (.05)***  .45 (.06)*** -.09 (.06) .36 (.05)*** .44 (.07)*** -.08 (.06) 

B03 Cruel to animals .32 (.09)***   .41 (.08)***  .38 (.09)*** -.01 (.09) .00 (.08) .21 (.12) .24 (.10)* 

B04 Lies .28 (.05)***   .56 (.06)***  .35 (.05)*** .05 (.05) .10 (.05)* .24 (.06)*** .28 (.08)*** 

B05 Steals without confrontation .30 (.07)***   .37 (.08)***  .37 (.07)*** -.11 (.07) .01 (.07) .26 (.09)** .16 (.08)* 

C01a Lack of remorse / guilt .25 (.06)***    .73 (.04)*** .34 (.06)*** -0.00 (.05) .06 (.04) .40 (.06)*** .47 (.06)*** 

C01b Lack of concern .29 (.05)***    .66 (.04)*** .37 (.05)*** -0.01 (.05) .10 (.05)* .24 (.06)*** .44 (.05)*** 

C02a Cold and uncaring .15 (.06)*    .77 (.04)*** .24 (.06)*** 0.05 (.05) .09 (.05) .20 (.06)** .60 (.06)*** 

C02b Self-serving  .29 (.05)***    .65 (.04)*** .38 (.05)*** -0.04 (.04) -.04 (.05) .09 (.05) .62 (.05)*** 

C03a Indifferent of poor performance -.01 (.06)    .49 (.05)*** .05 (.06) 0.15 (.05)** -.13 (.05)* .05 (.06) .54 (.06)*** 

C03b Avoids effort .09 (.05)    .44 (.05)*** .14 (.05)** 0.13 (.05)* -.04 (.05) .04 (.06) .43 (.05)*** 

C03c Blames others for poor performance .20 (.06)***    .45 (.05)*** .25 (.06)*** 0.05 (.06) -.04 (.05) .10 (.06) .43 (.06)*** 

C04a Shallow / deficient affect .08 (.07)    .53 (.06)*** .16 (.07)* -0.06 (.06) .03 (.06) -.30 (.06)*** .67 (.06)*** 

C04b Turns emotions ‘on’ or ‘off’ quickly .23 (.06)***    .41 (.06)*** .30 (.06)*** -0.09 (.06) .01 (.06) -.14 (.07)* .46 (.07)*** 

C04c Manipulates .19 (.06)**    .25 (.06)*** .24 (.06)*** -0.13 (.06)* .05 (.06) -.32 (.07)*** .38 (.07)*** 

C04d Inconsistent affect .27 (.07)***    .50 (.06)*** .32 (.07)*** 0.14 (.06)* .11 (.07) -.39 (.07)*** .53 (.07)*** 

ω .93 .78 .91 .76 .84 .94 .80 .91 .66 .88 

ωH / ωS .67 .60 .71 .56 .75 .73 .60 .57 .24 .73 

Explained common variance (%) 40     45     

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; G-HI-ref = General HI reference factor; S = Specific 

factor; IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = Oppositionality with chronic irritability/anger; CD = Conduct disorder; CU = 

Callous-unemotional; ω = Omega (amount of variance accounted for by the g-factor and the s-factors taken together), ωH = Omega hierarchical general 

(amount of variance accounted for by the g-factor), ωS = Omega hierarchical subscale (amount of variance accounted for by the s-factors). Target 

factor loadings are in bold. 

*p < .05; **p < .01; ***p < .001. 
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Table S7 

Residual correlations (standard error) for the bifactor S-1 CFA model (above the diagonal) 

and bifactor S-1 ESEM model (below the diagonal) 

Factors 1 2 3 4 5 

1 IN  - n/a .19 (.06)** .10 (.08) .30 (.06)*** 

2 HI n/a - n/a n/a n/a 

3 ODD-AD .01 (.06) n/a - .67 (.05)*** .49 (.04)*** 

4 CD -.04 (.05) n/a .24 (.05)*** - .51 (.06)*** 

5 CU .17 (.06)** n/a .27 (.05)*** .21 (.04)*** - 

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; 

IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = Oppositionality with chronic 

irritability/anger; CD = Conduct disorder; CU = Callous-unemotional. 

n/a = Not applicable, as correlations between the reference factor and the specific factors were 

restrained to zero.  

**p < .01; ***p < .001. 
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Table S8 

Consistency and specificity values for all symptoms of the bifactor S-1 CFA model 

Symptom Consistency (%) Specificity (%) 

• IN 
•  •  

A01 Careless 10 90 

A02 Sustaining attention 33 67 

A03 Does not listen 38 62 

A04 Does not finish work 18 82 

A05 Organizational skills 14 86 

A06 Concentration 15 85 

A07 Loses things 23 77 

A08 Easily distracted 68 32 

A09 Forgetful 16 84 

ODD-AD   

A01 Loses temper 12 88 

A02 Touchy / easily annoyed 21 80 

A03 Angry / resentful 24 76 

A04 Argues with adults 28 73 

A05 Complies with requests 28 73 

A06 Annoys 38 62 

A07 Blames others 42 58 

A08 Spiteful / vindictive 18 82 

D01 Recurrent temper outbursts 12 88 

D02 Persistently irritable or angry mood 16 84 

CD   

B01 Physical fights 26 74 

B02 Bullies, threatens, or intimidates 18 82 

B03 Cruel to animals 38 62 

B04 Lies 20 79 

B05 Steals without confrontation 40 60 

CU  

C01a Lack of remorse / guilt 10 90 

C01b Lack of concern 16 84 

C02a Cold and uncaring 4 96 

C02b Self-serving  17 84 

C03a Indifferent of poor performance 0 100 

C03b Avoids effort 4 96 

C03c Blames others for poor performance 17 83 

C04a Shallow / deficient affect 2 98 

C04b Turns emotions ‘on’ or ‘off’ quickly 23 77 

C04c Manipulates 37 63 

C04d Inconsistent affect 23 77 

Note. Consistency = Amount of true score variance explained by the g-factor; Specificity = 

Amount of true score variance attributable to a specific domain; IN = Inattention; ODD-AD = 

Oppositionality with chronic irritability/anger; CD = Conduct disorder; CU = Callous-

unemotional.
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Table S9 

Goodness-of-fit statistics and information criteria of alternative factor models of the externalizing spectrum for parent and teacher ratings 

Model 2 (df) CFI TLI RMSEA (90% CI) SRMR AIC a BIC a 

 Parent Ratings 

Unidimensional 5108.822* (902) .695 .680 .104 (.102, .107) .128 42432.776 42968.580 

First-Order CFA 1877.912* (892) .929 .924 .051 (.048, .054) .070 39914.301 40490.696 

First-Order ESEM 1366.000* (736) .954 .941 .045 (.041, .048) .044 39573.697 40783.315 

Higher-Order CFA 2024.815* (897) .918 .914 .054 (.051, .057) .078 39947.395 40503.495 

Higher-Order ESEM  1353.748* (741) .956 .943 .044 (.040, .048) .045 39580.913 40770.236 

Bifactor CFA 1813.214* (858) .931 .924 .051 (.048, .054) .071 39669.635 40384.040 

Bifactor ESEM  1181.019* (697) .965 .952 .040 (.036, .044) .039 39408.960 40776.884 

Bifactor S-1 CFA 1795.684* (861) .932 .926 .050 (.047, .054) .065 39853.487 40555.715 

Bifactor S-1 ESEM 1366.000* (736) .954 .941 .045 (.041, .048) .044 39573.697 40783.315 

 Teacher Ratings b 

Unidimensional 4105.506* (819) .773 .761 .123 (.119, .126) .144 26711.712 27163.706 

First-Order CFA 1895.955* (809) .925 .920 .071 (.067, .075) .087 24976.090 25463.956 

First-Order ESEM 1238.998* (661) .960 .948 .057 (.052, .062) .047 24509.472 25528.251 

Higher-Order CFA 1920.344* (814) .923 .919 .071 (.067, .075) .092 24995.278 25465.207 

Higher-Order ESEM 1217.509* (666) .962 .951 .056 (.051, .061) .048 24530.517 25531.360 

Bifactor CFA c n/a n/a n/a n/a n/a n/a n/a 

Bifactor ESEM 1057.467* (624) .970 .959 .051 (.046, .056) .041 24356.842 25508.349 

Bifactor S-1 CFA 1836.212* (780) .927 .919 .071 (.067, .075) .079 24938.404 25530.300 

Bifactor S-1 ESEM 1238.998* (661) .960 .948 .057 (.052, .062) .047 24509.472 25528.251 

Note. df = Degrees of freedom; CFI = Comparative fit index; TLI = Tucker-Lewis index; RMSEA = Root mean square error of approximation; CI = 

Confidence interval; SRMR = Standardized root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information criterion; 

CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling. 
a Information criteria were calculated using maximum likelihood estimation with robust standard errors (MLR) for continuous indicators to ensure 

that AIC and BIC were comparable across CFA and ESEM models.  
b For teacher ratings, two items (B03: Cruel to animals, B05: Steals without confrontation) were omitted due to zero variance. 
c Model did not converge because the standard errors of the model parameter estimates could not be computed. Problem involving item B01: Physical 

fights. n = 434 (Parents); n = 267 (Teachers). *p < .001.  
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Table S10 

Standardized factor loadings (standard error), omega factor reliability coefficients, and explained common variance for the bifactor CFA model and 

bifactor ESEM solution for parent ratings 

Symptoms Bifactor CFA Bifactor ESEM 

 G-EXT S-IN S-HI S-ODD-
AD 

S-CD S-CU G-EXT S-IN S-HI S-ODD-
AD 

S-CD S-CU 

A01 Careless .36 

(.05)*** 

.59 

(.04)*** 

    .32 

(.05)*** 

.61 

(.04)*** 

.09 (.05)* -.02 (.04) -.04 (.05) .05 (.05) 

A02 Sustaining attention .41 

(.05)*** 

.58 

(.04)*** 

    .30 (.05) 

*** 

.61 (.04) 

*** 

.22 

(.05)*** 

.04 (.05) .06 (.06) .05 (.05) 

A03 Does not listen .26 

(.05)*** 

.52 

(.04)*** 

    .26 

(.05)*** 

.50 

(.04)*** 

.01 (.05) .04 (.05) -.10 (.05) -.08 (.06) 

A04 Does not finish work .40 

(.05)*** 

.66 

(.04)*** 

    .33 

(.05)*** 

.69 

(.04)*** 

.11 (.04)* .02 (.04) .02 (.05) .06 (.054 

A05 Organizational skills .33 

(.05)*** 

.74 

(.03)*** 

    .35 

(.05)*** 

.73 

(.03)*** 

-.02 (.04) -.07 (.04) -.13 (.05)* -.01 (.05) 

A06 Concentration .38 

(.05)*** 

.59 

(.04)*** 

    .26 

(.06)*** 

.67 

(.04)*** 

.09 (.05) .16 (.06)** .15 (.07)* .09 (.06) 

 A07 Loses things .32 

(.05)*** 

.52 

(.04)*** 

    .36 

(.05)*** 

.51 

(.04)*** 

-.01 (.05) -.11 (.05)* -.09 (.07) -.09 (.05) 

A08 Easily distracted .40 

(.05)*** 

.60 

(.04)*** 

    .31 

(.06)*** 

.62 

(.04)*** 

.23 

(.05)*** 

.02 (.05) .00 (.05) -.12 (.05)** 

A09 Forgetful .37 

(.05)*** 

.68 

(.03)*** 

    .38 

(.05)*** 

.66 

(.03)*** 

-.02 (.05) -.06 (.04) -.12 (.05)* -.02 (.05) 

B01 Fidgets .43 

(.05)*** 

 .70 

(.04)*** 

   .38 

(.05)*** 

.12 (.04)** .73 

(.04)*** 

.07 (.04) .07 (.06) -.03 (.04) 

B02 Leaves seat .49 

(.04)*** 

 .61 

(.04)*** 

   .41 

(.05)*** 

.16 

(.04)*** 

.65 

(.04)*** 

.11 (.05)* .26 

(.05)*** 

-.06 (.06) 

B03 Runs / climbs .48 

(.04)*** 

 .65 

(.03)*** 

   .41 

(.05)*** 

.15 

(.04)*** 

.68 

(.04)*** 

.08 (.04) .20 

(.05)*** 

-.04 (.05) 

B04 Playing quietly .51 

(.04)*** 

 .51 

(.04)*** 

   .44 

(.05)*** 

.17 

(.04)*** 

.55 

(.04)*** 

.04 (.04) -.02 (.06) .09 (.05) 

B05 Driven / on the go .48 

(.04)*** 

 .65 

(.03)*** 

   .43 

(.05)*** 

.11 (.04)** .69 

(.04)*** 

.06 (.04) -.05 (.06) .05 (.04) 

B06 Blurts out answers .44 

(.05)*** 

 .62 

(.04)*** 

   .49 

(.06)*** 

.02 (.04) .57 

(.05)*** 

-.09 (.05) -.21 

(.05)*** 

-.07 (.06) 

B07 Awaiting turn .53 

(.04)*** 

 .51 

(.04)*** 

   .58 

(.05)*** 

.02 (.04) .46 

(.05)*** 

-.03 (.05) -.16 (.07)* -.14 (.05)* 

B08 Interrupts / intrudes .61 

(.04)*** 

 .52 

(.04)*** 

   .68 

(.04)*** 

.03 (.04) .46 

(.05)*** 

-.10 (.04)* -.08 (.08) -.14 (.04)** 
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Symptoms Bifactor CFA Bifactor ESEM 

 G-EXT S-IN S-HI S-ODD-
AD 

S-CD S-CU G-EXT S-IN S-HI S-ODD-
AD 

S-CD S-CU 

B09 Talks excessively .41 

(.05)*** 

 .56 

(.04)*** 

   .48 

(.06)*** 

.00 (.04) .48 

(.05)*** 

-.08 (.05) -.15 (.07)* -.17 (.06)** 

A01 Loses temper .60 

(.04)*** 

  .71 

(.04)*** 

  .58 

(.04)*** 

-.01 (.03) .01 (.03) .72 

(.04)*** 

.04 (.05) .06 (.03) 

A02 Touchy / easily annoyed .69 

(.04)*** 

  .53 

(.05)*** 

  .73 

(.04)*** 

.00 (.03) .01 (.04) .49 

(.04)*** 

.00 (.07) -.16 

(.04)*** 

A03 Angry / resentful .65 

(.04)*** 

  .46 

(.06)*** 

  .68 

(.04)*** 

.06 (.04) .04 (.05) .41 

(.06)*** 

-.12 (.07) -.17 

(.05)*** 

A04 Argues with adults .72 

(.03)*** 

  .36 

(.05)*** 

  .68 

(.03)*** 

.09 (.04)* .04 (.03) .41 

(.04)*** 

.04 (.04) .03 (.04) 

A05 Complies with requests .74 

(.03)*** 

  .26 

(.05)*** 

  .66 

(.04)*** 

.12 (.04)** .08 (.04)* .36 

(.05)*** 

.13 (.04)** .08 (.04) 

A06 Annoys .75 

(.03)*** 

  .20 

(.05)*** 

  .76 

(.03)*** 

-.19 

(.04)*** 

.04 (.04) .21 

(.05)*** 

.13 (.08) -.01 (.04) 

A07 Blames others .75 

(.03)*** 

  -.03 (.06)   .73 

(.04)*** 

.07 (.04) -.06 (.04) -.02 (.05) .14 (.09) .09 (.05) 

A08 Spiteful / vindictive .72 

(.04)*** 

  .23 

(.06)*** 

  .73 

(.04)*** 

-.19 

(.05)*** 

-.08 (.05) .23 

(.06)*** 

.10 (.08) .08 (.05) 

D01 Recurrent temper outbursts .54 

(.04)*** 

  .60 

(.04)*** 

  .48 

(.05)*** 

-.03 (.04) .07 (.04) .65 (.04)** .02 (.08) .17 

(.05)*** 

D02 Persistently irritable or angry 

mood 

.57 

(.05)*** 

  .42 

(.05)*** 

  .56 

(.04)*** 

.06 (.05) -.05 (.05) .43 

(.05)*** 

-.05 (.05) .09 (.04)* 

B01 Physical fights .68 

(.04)*** 

   .48 

(.09)*** 

 .66 

(.06)*** 

-.16 (.05)** .04 (.05) .13 (.06)* .36 

(.09)*** 

-.04 (.07) 

B02 Bullies, threatens, or 

intimidates 

.78 

(.04)*** 

   .40 

(.09)*** 

 .76 

(.05)*** 

-.20 

(.05)*** 

.04 (.05) .08 (.06) .31 (.11)** .03 (.06) 

B03 Cruel to animals .34 

(.08)*** 

   .11 (.13)  .39 

(.08)*** 

-.16 (.07)* -.07 (.09) .08 (.07) .14 (.16) -.12 (.10) 

B04 Lies .74 

(.03)*** 

   -.25 (.08)**  .72 

(.03)*** 

.11 (.04)** -.08 (.04) -.15 

(.04)** 

.02 (.09) .22 

(.05)*** 

B05 Steals without confrontation .50 

(.07)*** 

   -.44 

(.11)*** 

 .48 

(.07)*** 

.03 (.08) -.05 (.08) -.12 (.08) -.02 (.10) .20 (.07)** 

C01a Lack of remorse / guilt .52 

(.04)*** 

    .40 

(.05)*** 

.55 

(.05)*** 

-.04 (.05) -.06 (.05) .01 (.05) .08 (.05) .35 

(.05)*** 

C01b Lack of concern .66 

(.03)*** 

    .39 

(.05)*** 

.61 

(.04)*** 

.04 (.04) .10 (.04)** .07 (.05) .16 (.05)** .45 

(.05)*** 

C02a Cold and uncaring .56 

(.05)*** 

    .64 

(.04)*** 

.62 

(.05)*** 

-.22 

(.04)*** 

.00 (.05) -.03 (.05) -.07 (.04) .57 

(.05)*** 

C02b Self-serving  .58 

(.04)*** 

    .41 

(.05)*** 

.65 

(.04)*** 

-.09 (.04)** -.09 (.05) -.09 (.06) -.02 (.06) .35 

(.06)*** 
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Symptoms Bifactor CFA Bifactor ESEM 

 G-EXT S-IN S-HI S-ODD-
AD 

S-CD S-CU G-EXT S-IN S-HI S-ODD-
AD 

S-CD S-CU 

C03a Indifferent of poor 

performance 

.30 

(.05)*** 

    .63 

(.04)*** 

.32 

(.09)*** 

.07 (.05) -.14 (.07)* -.02 (.08) .39 

(.06)*** 

.57 

(.10)*** 

C03b Avoids effort .31 

(.05)*** 

    .59 

(.04)*** 

.31 

(.09)*** 

.21 (.04) -.18 (.07)* .03 (.08) .41 

(.07)*** 

.53 

(.10)*** 

C03c Blames others for poor 

performance 

.50 

(.04)*** 

    .36 

(.05)*** 

.54 

(.06)*** 

.13 (.04) -.13 

(.05)** 

-.13 (.06)* .22 

(.06)*** 

.30 

(.07)*** 

C04a Shallow / deficient affect .41 

(.06)*** 

    .73 

(.045*** 

.43 

(.07)*** 

-.06 (.06) -.03 (.05) .02 (.06) -.20 (.07)** .71 

(.07)*** 

C04b Turns emotions ‘on’ or ‘off’ 

quickly 

.47 

(.05)*** 

    .56 

(.05)*** 

.45 

(.08)*** 

-.07 (.05) .01 (.06) .14 (.06) -.33 

(.08)*** 

.57 

(.09)*** 

C04c Manipulates .52 

(.05)*** 

    .41 

(.06)*** 

.52 

(.08)*** 

.07 (.06) -.05 (.07) .02 (.07) -.32 

(.06)*** 

.42 

(.10)*** 

C04d Inconsistent affect .53 

(.05)*** 

    .48 

(.05)*** 

.53 

(.07)*** 

.02 (.06) -.03 (.06) .08 (.06) -.25 

(.05)*** 

.47 

(.08)*** 

ω .96 .90 .87 .94 .80 .92 .97 .91 .94 .95 .80 .93 

ωH / ωS .80 .67 .52 .22 .00 .48 .80 .74 .58 .26 .07 .44 

Explained common variance (%) 51      47      

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; G-EXT = General factor of externalizing spectrum 

disorders; S = Specific factor; IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = Oppositionality with chronic irritability/anger; CD = 

Conduct disorder; CU = Callous-unemotional; ω = Omega (amount of variance accounted for by the g-factor and the s-factors taken together), ωH = 

Omega hierarchical general (amount of variance accounted for by the g-factor), ωS = Omega hierarchical subscale (amount of variance accounted for 

by the s-factors). Target factor loadings are in bold. 

*p < .05; **p < .01; ***p < .001. 
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Table S11 

Standardized factor loadings (standard error), omega factor reliability coefficients, and explained common variance for the bifactor S-1 CFA model 

and bifactor S-1 ESEM solution for parent ratings 

Symptoms Bifactor S-1 CFA Bifactor S-1 ESEM 

 G-HI-ref S-IN S-ODD-AD S-CD S-CU G-HI-ref S-IN S-ODD-AD S-CD S-CU 

A01 Careless .34 (.05)*** .60 (.04)***    .35 (.05)*** .59 (.04)*** -.01 (.05) -.02 (.05) .06 (.05) 

A02 Sustaining attention .41 (.05)*** .57 (.04)***    .43 (.05)*** .57 (.04)*** -.04 (.05) .09 (.04) -.03 (.05) 

A03 Does not listen .24 (.05)*** .53 (.04)***    .25 (.05)*** .51 (.04)*** .11 (.05)* -.11 (.05)* -.06 (.05) 

 A04 Does not finish work .36 (.05)*** .69 (.04)***    .38 (.05)*** .67 (.04)*** .00 (.04) .03 (.04) .04 (.04) 

A05 Organizational skills .29 (.05)*** .76 (.03)***    .31 (.05)*** .74 (.03)*** .02 (.04) -.14 (.04)** .07 (.05) 

A06 Concentration .33 (.05)*** .63 (.04)***    .32 (.05)*** .64 (.04)*** .08 (.05) .17 (.05)*** -.03 (.05) 

A07 Loses things .30 (.05)*** .54 (.04)***    .30 (.05)*** .53 (.04)*** .04 (.05) -.12 (.05)* .03 (.05) 

A08 Easily distracted .45 (.05)*** .55 (.04)***    .48 (.05)*** .57 (.04)*** -.03 (.05) -.01 (.05) -.18 (.05)*** 

A09 Forgetful .32 (.05)*** .71 (.03)***    .33 (.05)*** .69 (.04)*** .05 (.04) -.14 (.04)** .08 (.05) 

B01 Fidgets .77 (.03)***     .77 (.03)*** -.01 (.04) -.17 (.04)*** .10 (.04)* -.19 (.05)*** 

B02 Leaves seat .78 (.03)***     .74 (.03)*** .05 (.04) -.08 (.04)* .26 (.04)*** -.22 (.05)*** 

B03 Runs / climbs .80 (.02)***     .77 (.02)*** .04 (.04) -.13 (.04)** .22 (.04)*** -.19 (.04)*** 

B04 Playing quietly .74 (.03)***     .71 (.03)*** .09 (.04) -.13 (.04)** .00 (.04) .01 (.05) 

B05 Driven / on the go .79 (.03)***     .78 (.02)*** .00 (.03) -.16 (.04)*** -.01 (.04) -.08 (.04) 

B06 Blurts out answers .73 (.03)***     .74 (.03)*** -.05 (.04) -.14 (.04)** -.24 (.04)*** -.03 (.06) 

B07 Awaiting turn .76 (.03)***     .73 (.03)*** -.03 (.04) .02 (.04) -.20 (.04)*** -.06 (.06) 

B08 Interrupts / intrudes .84 (.02)***     .80 (.02)*** -.01 (.03) -.01 (.04) -.14 (.04)*** .00 (.05) 

B09 Talks excessively .67 (.03)***     .67 (.03)*** -.05 (.04) -.05 (.04) -.20 (.05)*** -.10 (.05) 

A01 Loses temper .36 (.05)***  .78 (.03)***   .49 (.04)*** .02 (.03) 0.78 (.03)*** .05 (.03) -.11 (.03)** 

A02 Touchy / easily annoyed .49 (.04)***  .69 (.03)***   .59 (.04)*** .04 (.03) 0.71 (.04)*** -.01 (.04) -.15 (.03)*** 

A03 Angry / resentful .50 (.04)***  .57 (.04)***   .57 (.04)*** .10 (.03)** 0.62 (.05)*** -.13 (.04)** -.15 (.04)*** 

 A04 Argues with adults .48 (.04)***  .64 (.03)***   .57 (.04)*** .11 (.04)** 0.54 (.04)*** .03 (.04) .01 (.04) 

A05 Complies with requests .51 (.04)***  .59 (.03)***   .59 (.04)*** .13 (.04)** 0.45 (.04)*** .13 (.04)** .05 (.04) 

A06 Annoys .47 (.04)***  .64 (.04)***   .61 (.04)*** -.17 (.04)*** 0.41 (.05)*** .13 (.04)** .12 (.04)** 

A07 Blames others .45 (.04)***  .57 (.04)***   .53 (.04)*** .10 (.04)** 0.21 (.05)*** .13 (.04)** .30 (.05)*** 
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Symptoms Bifactor S-1 CFA Bifactor S-1 ESEM 

 G-HI-ref S-IN S-ODD-AD S-CD S-CU G-HI-ref S-IN S-ODD-AD S-CD S-CU 

A08 Spiteful / vindictive .36 (.05)***  .73 (.04)***   .52 (.05)*** -.15 (.04)** 0.45 (.06)*** .12 (.05)* .21 (.05)*** 

D01 Recurrent temper outbursts .31 (.05)***  .69 (.04)***   .44 (.05)*** -.03 (.04) 0.65 (.04)*** .03 (.05) -.04 (.05) 

D02 Persistently irritable or angry mood .33 (.05)***  .62 (.04)***   .42 (.05)*** .09 (.05)* 0.54 (.05)*** -.02 (.05) .06 (.05) 

B01 Physical fights .42 (.05)***   .61 (.04)***  .53 (.05)*** -.16 (.05)** 0.31 (.04)*** .34 (.06)*** .08 (.05) 

B02 Bullies, threatens, or intimidates .45 (.05)***   .73 (.04)***  .61 (.05)*** -.19 (.05)*** 0.29 (.06)*** .32 (.06)*** .19 (.05)*** 

B03 Cruel to animals .17 (.08)*   .36 (.10)***  .25 (.08)** -.13 (.07) 0.26 (.09)** .12 (.13) .01 (.09) 

B04 Lies .42 (.05)***   .67 (.04)***  .51 (.05)*** .15 (.04)*** 0.07 (.05) .04 (.06) .47 (.04)*** 

B05 Steals without confrontation .26 (.07)***   .47 (.07)***  .33 (.07)*** .05 (.08) 0.02 (.08) .00 (.09) .37 (.08)*** 

C01a Lack of remorse / guilt .28 (.05)***    .61 (.04)*** .38 (.05)*** -.02 (.05) 0.09 (.05)* .08 (.05) .48 (.05)*** 

C01b Lack of concern .44 (.04)***    .65 (.03)*** .54 (.04)*** .03 (.04) 0.04 (.04) .17 (.04)*** .50 (.04)*** 

C02a Cold and uncaring .27 (.06)***    .79 (.03)*** .45 (.05)*** -.21 (.04)*** -0.01 (.05) -.06 (.04) .74 (.04)*** 

C02b Self-serving  .32 (.05)***    .66 (.04)*** .43 (.05)*** -.05 (.04) 0.06 (.05) .01 (.05) .56 (.05)*** 

C03a Indifferent of poor performance .04 (.06)    .67 (.03)*** .16 (.06)** .07 (.04) -0.08 (.05) .41 (.05)*** .61 (.05)*** 

C03b Avoids effort .06 (.05)    .64 (.04)*** .14 (.06)* .21 (.05)*** -0.03 (.05) .43 (.05)*** .54 (.06)*** 

C03c Blames others for poor performance .28 (.05)***    .57 (.04)*** .34 (.05)*** .16 (.05)** 0.01 (.05) .22 (.05)*** .48 (.05)*** 

C04a Shallow / deficient affect .14 (.06)*    .77 (.03)*** .31 (.06)*** -.06 (.05) -0.07 (.05) -.17 (.05)*** .79 (.05)*** 

C04b Turns emotions ‘on’ or ‘off’ quickly .22 (.06)***    .68 (.04)*** .36 (.05)*** -.06 (.04) 0.07 (.05) -.28 (.05)*** .63 (.05)*** 

C04c Manipulates .28 (.06)***    .61 (.04)*** .37 (.06)*** .10 (.05)* 0.07 (.06) -.28 (.06)*** .55 (.06)*** 

C04d Inconsistent affect .29 (.06)***    .66 (.04)*** .39 (.06)*** .04 (.05) 0.09 (.05) -.22 (.05)*** .57 (.05)*** 

ω .96 .90 .94 .80 .92 .97 .91 .95 .68 .93 

ωH / ωS .69 .69 .66 .59 .81 .77 .70 .52 .13 .71 

Explained common variance (%) 40     46     

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; G-HI-ref = General HI reference factor; S = Specific 

factor; IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = Oppositionality with chronic irritability/anger; CD = Conduct disorder; CU = 

Callous-unemotional; ω = Omega (amount of variance accounted for by the g-factor and the s-factors taken together), ωH = Omega hierarchical general 

(amount of variance accounted for by the g-factor), ωS = Omega hierarchical subscale (amount of variance accounted for by the s-factors). Target 

factor loadings are in bold. 

*p < .05; **p < .01; ***p < .001. 
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Table S12 

Residual correlations (standard error) for the bifactor S-1 CFA model (above the diagonal) 

and bifactor S-1 ESEM model (below the diagonal) for parent ratings 

Factors 1 2 3 4 5 

1 IN  - n/a .16 (.05)** .12 (.16)* .19 (.05)*** 

2 HI n/a - n/a n/a n/a 

3 ODD-AD -.01 (.05) n/a - .71 (.04)*** .57 (.04)*** 

4 CD .05 (.03) n/a .10 (.04)* - .69 (.04)*** 

5 CU .06 (04) n/a .39 (.05)*** .09 (.05)* - 

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; 

IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = Oppositionality with chronic 

irritability/anger; CD = Conduct disorder; CU = Callous-unemotional. 

n/a = Not applicable, as correlations between the reference factor and the specific factors were 

restrained to zero.  

*p < .05; **p < .01; ***p < .001. 
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Table S13 

Standardized factor loadings (standard error), omega factor reliability coefficients, and 

explained common variance for the bifactor ESEM model for teacher ratings 

Symptoms Bifactor ESEM 

 G-EXT S-IN S-HI S-ODD-AD S-CD S-CU 

A01 Careless .33 (.06)*** .57 (.05)*** .16 (.05)** .03 (.05) -.07 (.06) .04 (.06) 

A02 Sustaining attention .31 (.07)*** .67 (.04)*** .27 (.05)*** .10 (.06) -.29 (.06)*** .05 (.06) 

A03 Does not listen .27 (.06)*** .50 (.05)*** -.06 (.06) -.05 (.07) -.07 (.05) .10 (.06) 

A04 Does not finish work .29 (.07)*** .80 (.04)*** .15 (.05)*** .07 (.05) -.22 (.05)*** .15 (.06) 

A05 Organizational skills .27 (.06)*** .73 (.04)*** .01 (.05) -.07 (.06) .13 (.04)** .12 (.06) 

A06 Concentration .51 (.05)*** .52 (.05)*** -.07 (.05) .15 (.05)** -.18 (.05)*** .11 (.05) 

 A07 Loses things .30 (.07)*** .66 (.05)*** -.08 (.06) -.17 (.07)* .44 (.06)*** -.06 (.06) 

A08 Easily distracted .36 (.07)*** .55 (.06)*** .33 (.06)*** .01 (.07) -.31 (.05)*** -.03 (.07) 

A09 Forgetful .31 (.07)*** .69 (.05)*** -.10 (.06) -.16 (.06) .40 (.05)*** -.07 (.06) 

B01 Fidgets .42 (.06)*** .11 (.05)* .66 (.04)*** .05 (.05) .14 (.05)** .02 (.05) 

B02 Leaves seat .41 (.06)*** .19 (.05)*** .81 (.03)*** .14 (.04)** .08 (.05) .11 (.04) 

B03 Runs / climbs .40 (.06)*** .18 (.04)*** .77 (.04)*** .15 (.04)*** .15 (.06)** .15 (.04) 

B04 Playing quietly .54 (.06)*** .11 (.05)* .52 (.05)*** .00 (.05) .08 (.05) -.12 (.06) 

B05 Driven / on the go .54 (.05)*** .08 (.05) .62 (.04)*** .08 (.04)** .09 (.04)* -.01 (.04) 

B06 Blurts out answers .65 (.05)*** -.07 (.04) .59 (.06)*** -.16 (.04)*** -.16 (.06)** -.18 (.04) 

B07 Awaiting turn .72 (.05)*** -.07 (.05) .51 (.06)*** -.14 (.04)** -.16 (.06)** -.19 (.04) 

B08 Interrupts / intrudes .70 (.04)*** -.02 (.04) .50 (.05)*** -.10 (.03)** -.04 (.05) -.20 (.04) 

B09 Talks excessively .62 (.05)*** .01 (.05) .50 (.05)*** .00 (.05) -.14 (.05)** -.18 (.05) 

A01 Loses temper .67 (.05)*** -.04 (.05) .07 (.04) .60 (.05)*** .08 (.04)* -.03 (.04) 

A02 Touchy / easily annoyed .78 (.04)*** -.10 (.04)** .03 (.04) .52 (.05)*** .01 (.03) -.16 (.03) 

A03 Angry / resentful .68 (.04)*** -.04 (.04) -.09 (.04)* .59 (.05)** -.06 (.04) -.04 (.04) 

A04 Argues with adults .83 (.03)*** .08 (.05) -.06 (.04) .20 (.06)** -.04 (.04) .07 (.05) 

A05 Complies with requests .84 (.03)*** .04 (.04) .06 (.03) .16 (.06) .02 (.04) .24 (.04) 

A06 Annoys .84 (.02)*** -.15 (.04)*** .09 (.04)* -.01 (.06) .14 (.05)** .01 (.04) 

A07 Blames others .85 (.02)*** -.07 (.05) -.07 (.04) .04 (.06) .00 (.05) -.02 (.04) 

A08 Spiteful / vindictive .83 (.03)*** -.23 (.05)*** -.06 (.05) .11 (.07) .14 (.06)* .02 (.05) 

D01 Recurrent temper outbursts .68 (.05)*** -.03 (.06) .21 (.05)*** .47 (.06)*** .15 (.05)** .10 (.06) 

D02 Persistently irritable or angry mood .59 (.06)*** .14 (.06)* .00 (.07) .30 (.06)*** -.21 (.07)** .11 (.06) 

B01 Physical fights .75 (.04)*** -.08 (.04) .21 (.05)*** .10 (.05)* .38 (.06)*** .01 (.05) 

B02 Bullies, threatens, or intimidates .81 (.03)*** -.06 (.05) .12 (.05)* -.01 (.05) .28 (.06)*** .02 (.05) 

B04 Lies .73 (.04)*** .01 (.05) -.18 (.05)** -.10 (.06) .04 (.07) .12 (.06) 

C01a Lack of remorse / guilt .69 (.04)*** -.10 (.04) -.04 (.05) -.04 (.06) .06 (.05) .39 (.05) 

C01b Lack of concern .73 (.04)*** .01 (.04) .06 (.04) -.09 (.04) .10 (.04)* .49 (.05) 

C02a Cold and uncaring .64 (.05)*** .01 (.04) .02 (.05) -.02 (.04) .05 (.04) .63 (.05) 

C02b Self-serving  .78 (.03)*** -.13 (.05)** -.17 (.05)** -.03 (.06) -.07 (.05) .24 (.06) 

C03a Indifferent of poor performance .46 (.06)*** .21 (.05)*** -.19 (.05)*** -.10 (.06) -.16 (.05)** .55 (.06) 

C03b Avoids effort .47 (.06)*** .43 (.05)*** -.21 (.05)*** -.01 (.06) -.31 (.05)*** .46 (.06) 

C03c Blames others for poor performance .77 (.04)*** .11 (.06) -.16 (.06)** .05 (.06) -.14 (.06)* .08 (.07) 

C04a Shallow / deficient affect .48 (.06)*** .00 (.05) -.06 (.05) -.11 (.05)* .05 (.05) .73 (.05) 

C04b Turns emotions ‘on’ or ‘off’ quickly .44 (.06)*** -.08 (.06) .07 (.06) .16 (.07)* .01 (.07) .48 (.06) 

C04c Manipulates .59 (.06)*** -.01 (.05) .00 (.07) .27 (.08)** .14 (.07)* .38 (.07) 

C04d Inconsistent affect .50 (.06)*** .15 (.06)* -.05 (.06) .13 (.08) .21 (.07)** .32 (.07) 

ω .98 .94 .96 .97 .87 .95 
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Symptoms Bifactor ESEM 

 G-EXT S-IN S-HI S-ODD-AD S-CD S-CU 

ωH / ωS .83 .77 .54 .14 .08 .35 

Explained common variance (%) 53      

Note. CFA = Confirmatory factor analysis; G-EXT = General factor of externalizing spectrum 

disorders; S = Specific factor; IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = 

Oppositionality with chronic irritability/anger; CD = Conduct disorder; CU = Callous-

unemotional; ω = Omega (amount of variance accounted for by the g-factor and the s-factors 

taken together), ωH = Omega hierarchical general (amount of variance accounted for by the g-

factor), ωS = Omega hierarchical subscale (amount of variance accounted for by the s-factors).  

*p < .05; **p < .01; ***p < .001. 
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Table S14 

Standardized factor loadings (standard error), omega factor reliability coefficients, and explained common variance for the bifactor S-1 CFA model 

and bifactor S-1 ESEM solution for teacher ratings 

Symptoms Bifactor S-1 CFA Bifactor S-1 ESEM 

 G-HI-ref S-IN SODD-AD S-CD S-CU G-HI-ref S-IN S-ODD-AD S-CD S-CU 

A01 Careless .34 (.06)*** .57 (.05)***    .38 (.06)*** .56 (.05)*** .01 (.05) -.08 (.05) -.01 (.06) 

A02 Sustaining attention .37 (.06)*** .66 (.04)***    .41 (.06)*** .63 (.05)*** .05 (.05) -.33 (.05)*** -.05 (.05) 

A03 Does not listen .17 (.06)** .57 (.05)***    .19 (.06)** .51 (.05)*** .01 (.07) .03 (.05) .12 (.06) 

A04 Does not finish work .30 (.06)*** .81 (.03)***    .34 (.06)*** .76 (.04)*** .01 (.05) -.28 (.04)*** .07 (.06) 

A05 Organizational skills .19 (.07)** .75 (.03)***    .26 (.06)*** .73 (.04)*** -.11 (.06) .09 (.04) .09 (.06) 

A06 Concentration .44 (.06)*** .64 (.04)***    .39 (.06)*** .54 (.05)*** .26 (.05)*** -.08 (.04) .12 (.05)* 

 A07 Loses things .15 (.07)* .75 (.03)***    .24 (.07)*** .73 (.05)*** -.13 (.06)* .45 (.05)*** -.05 (.05) 

A08 Easily distracted .45 (.06)*** .52 (.05)***    .47 (.06)*** .52 (.06)*** .02 (.07) -.26 (.05)*** -.09 (.06) 

A09 Forgetful .15 (.07)* .77 (.03)***    .23 (.07)*** .77 (.05)*** -.11 (.05) .44 (.04)*** -.05 (.05) 

B01 Fidgets .74 (.04)***     .73 (.04)*** .02 (.05) -.18 (.05)** -.17 (.04)*** -.07 (.06) 

B02 Leaves seat .88 (.02)***     .81 (.04)*** .04 (.05) -.24 (.04)*** -.38 (.04)*** -.02 (.04) 

B03 Runs / climbs .86 (.02)***     .79 (.04)*** .04 (.04) -.23 (.04)*** -.34 (.04)*** .01 (.05) 

B04 Playing quietly .76 (.04)***     .74 (.03)*** .08 (.05) -.04 (.06) -.02 (.06) -.15 (.06)* 

B05 Driven / on the go .83 (.03)***     .81 (.03)*** .02 (.05) -.07 (.04) -.15 (.04)*** -.08 (.05) 

 B06 Blurts out answers .88 (.02)***     .86 (.02)*** -.04 (.04) -.13 (.04)** .18 (.04)*** -.20 (.05)*** 

B07 Awaiting turn .92 (.02)***     .88 (.02)*** -.02 (.04) -.06 (.04) .21 (.04)*** -.18 (.05)*** 

B08 Interrupts / intrudes .89 (.02)***     .86 (.02)*** .00 (.04) -.02 (.04) .14 (.04)* -.18 (.04)*** 

B09 Talks excessively .82 (.03)***     .79 (.03)*** .03 (.05) .04 (.05) .05 (.04) -.21 (.05)*** 

A01 Loses temper .50 (.05)***  .67 (.04)***   .62 (.05)*** -.04 (.04) .69 (.05)*** -.16 (.04)*** -.10 (.04)* 

A02 Touchy / easily annoyed .55 (.05)***  .71 (.04)***   .67 (.04)*** -.04 (.03) .73 (.04)*** .00 (.03) -.19 (.04)*** 

A03 Angry / resentful .41 (.06)***  .76 (.03)***   .53 (.05)*** .01 (.03) .77 (.04)*** -.08 (.04)* -.09 (.04) 

A04 Argues with adults .54 (.05)***  .66 (.04)***   .65 (.05)*** .13 (.05)** .42 (.05)*** .12 (.05)* .15 (.05)** 

A05 Complies with requests .59 (.05)***  .69 (.04)***   .73 (.04)*** .05 (.04) .26 (.05)*** .06 (.05) .33 (.04)*** 

A06 Annoys .63 (.04)***  .56 (.05)***   .74 (.04)*** -.12 (.04)** .21 (.06)*** .25 (.05)*** .16 (.04)*** 

A07 Blames others .55 (.05)***  .63 (.04)***   .65 (.04)*** .01 (.05) .34 (.06)*** .28 (.04)*** .14 (.04)** 
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Symptoms Bifactor S-1 CFA Bifactor S-1 ESEM 

 G-HI-ref S-IN SODD-AD S-CD S-CU G-HI-ref S-IN S-ODD-AD S-CD S-CU 

A08 Spiteful / vindictive .50 (.06)***  .70 (.05)***   .65 (.05)*** -.18 (.05)*** .37 (.06)*** .23 (.06)*** .19 (.05)** 

D01 Recurrent temper outbursts .58 (.06)***  .57 (.05)***   .70 (.05)*** -.07 (.06) .47 (.07)*** -.17 (.06)** .04 (.06) 

D02 Persistently irritable or angry mood .42 (.07)***  .50 (.06)***   .49 (.06)*** .16 (.06)** .40 (.06)*** -.12 (.06) .11 (.07) 

B01 Physical fights .65 (.04)***   .54 (.05)***  .76 (.04)*** -.09 (.04)* .18 (.65)** .17 (.05)** .09 (.05) 

B02 Bullies, threatens, or intimidates .63 (.05)***   .60 (.06)***  .74 (.04)*** -.04 (.05) .16 (.05)** .26 (.06)*** .15 (.06)** 

B04 Lies .36 (.06)***   .74 (.05)***  .49 (.06)*** .07 (.05) .19 (.06)** .29 (.06)*** .32 (.06)*** 

C01a Lack of remorse / guilt .41 (.06)***    .67 (.04)*** .54 (.05)*** -.11 (.04) .05 (.05) .14 (.06)* .55 (.05)*** 

C01b Lack of concern .48 (.05)***    .73 (.04)*** .63 (.05)*** -.03 (.04) -.08 (.05) .09 (.04)* .64 (.05)*** 

C02a Cold and uncaring .35 (.06)***    .80 (.03)*** .54 (.05)*** -.06 (.04) -.09 (.05) -.02 (.05) .76 (.05)*** 

C02b Self-serving  .44 (.06)***    .68 (.04)*** .53 (.06)*** -.07 (.05) .23 (.05)*** .22 (.05)*** .43 (.05)*** 

C03a Indifferent of poor performance .11 (.07)    .74 (.03)*** .25 (.07)*** .18 (.05)*** -.03 (.06) -.07 (.06) .70 (.05)*** 

C03b Avoids effort .16 (.07)*    .74 (.04)*** .26 (.07)*** .42 (.05)*** .09 (.06) -.15 (.05)** .57 (.05)*** 

C03c Blames others for poor performance .48 (.06)***    .62 (.05)*** .53 (.06)*** .17 (.06)** .33 (.06)*** 0.18 (.06)** .23 (.06)*** 

C04a Shallow / deficient affect .16 (.07)*    .79 (.04)*** .36 (.07)*** -.08 (.04) -.22 (.05)*** -.02 (.05) .88 (.05)*** 

C04b Turns emotions ‘on’ or ‘off’ quickly .29 (.07)***    .52 (.05)*** .41 (.07)*** -.15 (.06)* .03 (.06) -.14 (.07)* .51 (.07)*** 

C04c Manipulates .40 (.07)***    .61 (.05)*** .51 (.06)*** -.05 (.06) .23 (.09)** -.07 (.07) .43 (.07)*** 

C04d Inconsistent affect .31 (.07)***    .55 (.05)*** .41 (.06)*** .13 (.06)* .11 (.08) .05 (.07) .37 (.08)*** 

ω .97 .92 .96 .88 .94 .98 .93 .96 .79 .94 

ωH / ωS .74 .78 .58 .50 .76 .83 .76 .36 .12 .59 

Explained common variance (%) 46     53     

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; G-HI-ref = General HI reference factor; S = Specific 

factor; IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = Oppositionality with chronic irritability/anger; CD = Conduct disorder; CU = 

Callous-unemotional; ω = Omega (amount of variance accounted for by the g-factor and the s-factors taken together), ωH = Omega hierarchical general 

(amount of variance accounted for by the g-factor), ωS = Omega hierarchical subscale (amount of variance accounted for by the s-factors). Target 

factor loadings are in bold. 

*p < .05; **p < .01; ***p < .001. 
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Table S15 

Residual correlations (standard error) for the bifactor S-1 CFA model (above the diagonal) 

and bifactor S-1 ESEM model (below the diagonal) for teacher ratings 

Factors 1 2 3 4 5 

1 IN  - n/a .17 (.06)** .21 (.07)** .38 (.06)*** 

2 HI n/a - n/a n/a n/a 

3 ODD-AD .03 (.05) n/a - .77 (.04)*** .69 (.04)*** 

4 CD -.01 (.04)** n/a .15 (.04)*** - .70 (.05)*** 

5 CU .20 (.05)*** n/a .40 (.05)*** .14 (.04)*** - 

Note. CFA = Confirmatory factor analysis; ESEM = Exploratory structural equation modeling; 

IN = Inattention; HI = Hyperactivity-impulsivity; ODD-AD = Oppositionality with chronic 

irritability/anger; CD = Conduct disorder; CU = Callous-unemotional. 

n/a = Not applicable, as correlations between the reference factor and the specific factors were 

restrained to zero.  

**p < .01; ***p < .001.
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7.3 Supplementary material for:  

Identifying symptoms of ADHD and disruptive behavior disorders most strongly associated with functional impairment in children: A 

symptom‑level approach. 

 

Table S1 

Scale characteristics: Cronbach’s alpha, item-total correlations, and scale correlations  

Scale Number of Items Cronbach’s α Range of Item-Total 

Correlations 

Mean (SD) n Scale Correlations 

ADHD Scales      1 2 3 4 5 6 7 

1 Inattention 9 .71 .29 - .49 1.95 (0.48) 474 -  .35 .42 .30 .21 .30 .24 

2 Hyperactivity-Impulsivity 9 .87 50 - .68 1.64 (0.73) 474  - .45 .42 .32 .25 .31 

3 ADHD-Related Functional 

Impairment 

5 .62 .24 - .48 1.61 (0.59) 472   - .46 .35 .26 .53 

ODD/CD/CU Scales             

4 Oppositionality with  

Chronic Irritability / Anger 

10 .86 .43 - .66 1.05 (0.62) 452    - .57 .47 .61 

5 Conduct Disorder Symptoms 5 .60 .22 - .47 0.40 (0.43) 450     - .39 .56 

6 Callous-Unemotional Symptoms 11 .77 .23 - .58 0.50 (0.42) 446      - .43 

7 ODD/CD/CU-Related Functional 

Impairment  

5 .86 .61 - .71 0.93 (0.78) 442       - 

Note. Symptoms of ADHD, ODD, CD, and CU were assessed using the semi-structured Clinical Parent Interview for Externalizing Disorders in 

Children and Adolescents (ILF-EXTERNAL) conducted with the parents. ADHD = attention-deficit/hyperactivity disorder; ODD = oppositional 

defiant disorder; CD = conduct disorder; CU = callous-unemotional. All Pearson correlation coefficients significant (p < .001, not adjusted).
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Table S2  

Item characteristics: Skewness, kurtosis, and variance inflation factor 

Item Mean (SD) Skewness Kurtosis VIF n 

 ADHD Symptoms  

A01 Careless 2.03 (0.77) -0.52 -0.00 1.25 474 

A02 Difficulties Sustaining Attention 2.23 (0.64) -0.45 0.19 1.31 474 

A03 Does not Listen 1.96 (0.93) -0.56 -0.56 1.25 474 

A04 Does not Finish Work 2.09 (0.80) -0.73 0.25 1.38 474 

A05 Organizational Skills 2.07 (0.86) -0.75 0.02 1.43 474 

A06 Concentration 1.85 (0.87) -0.47 -0.39 1.20 474 

A07 Loses Things 1.39 (1.11) 0.10 -1.34 1.34 474 

A08 Easily Distracted 2.48 (0.63) -1.03 0.91 1.40 474 

A09 Forgetful 1.49 (1.03) -0.10 -1.15 1.35 474 

B01 Fidgets 2.08 (0.99) -0.78 -0.51 2.05 474 

B02 Leaves Seat 1.72 (1.01) -0.34 -0.97 1.87 474 

B03 Runs, Climbs 1.51 (1.08) -0.08 -1.25 2.12 474 

B04 Playing Quietly 1.14 (1.01) 0.32 -1.12 1.51 474 

B05 Driven, on the go 1.51 (1.14) -0.07 -1.41 2.00 474 

B06 Blurts out Answers 1.72 (1.08) -0.35 -1.14 1.54 474 

B07 Waits for Turn 1.46 (1.06) -0.05 -1.23 1.56 474 

B08 Interrupts, Intrudes 1.93 (0.92) -0.59 -0.43 1.84 474 

B09 Talks Excessively 1.69 (1.14) -0.28 -1.34 1.50 474 

F01 Psychological Strain 1.63 (0.90) -0.34 -0.62 1.23 473 

F02 Functional Impairment Related to 

Home Life and Family Members 

1.84 (0.86) -0.47 -0.31 1.29 473 

F03 Functional Impairment Related to 

Relationships with Adults 

1.26 (0.97) 0.12 -1.07 1.35 473 

F04 Functional Impairment Related to 

Relationships with Children/Adolescents; 

Recreational Activities 

1.31 (1.05) 0.16 -1.20 1.55 472 

F05 Functional Impairment Related to 

Academic Performance 

2.02 (0.85) -0.69 0.00 1.22 473 

 ODD/CD/CU Symptoms  

A01 Loses Temper 1.47 (1.01) -0.11 -1.09 2.65 452 

A02 Touchy, Easily Annoyed 1.31 (1.01) 0.11 -1.14 2.06 452 

A03 Angry, Resentful 1.15 (0.93) 0.23 -0.99 1.53 452 

A04 Argues with Adults 1.22 (0.98) 0.19 -1.07 1.93 452 

A05 Refuses to Comply with Requests 1.47 (1.02) 0.03 -1.10 1.97 452 

A06 Annoys 0.87 (0.93) 0.77 -0.43 1.58 452 

A07 Blames Others 1.21 (1.01) 0.22 -1.15 1.53 452 

A08 Spiteful, Vindictive 0.30 (0.68) 2.45 5.53 1.46 452 

D01 Recurrent Temper Outbursts 0.87 (0.95) 0.77 -0.49 2.75 452 

D02 Persistently Irritable or Angry Mood 0.59 (0.85) 1.22 0.41 1.76 452 

B01 Physical Fights 0.47 (0.75) 1.55 1.78 1.65 451 

B02 Bullies, Threatens, or Intimidates 0.34 (0.71) 2.13 3.71 1.76 451 

B03 Cruel to Animals 0.09 (0.37) 4.43 21.33 1.23 451 

B04 Lies 0.89 (0.93) 0.70 -0.54 1.53 451 

B05 Steals Without Confrontation 0.22 (0.55) 2.59 6.11 1.25 450 

C01a Lack of Remorse 0.55 (0.80) 1.27 0.58 1.86 447 

C01b Lack of Concern 0.68 (0.84) 1.02 0.14 1.74 447 
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Item Mean (SD) Skewness Kurtosis VIF n 

C02a Cold and Uncaring 0.35 (0.70) 2.03 3.49 1.79 446 

C02b Self-Serving 0.57 (0.81) 1.18 0.37 1.70 447 

C03a Indifferent to Poor Performance 0.46 (0.77) 1.62 1.84 1.40 447 

C03b Avoids Effort 0.88 (0.89) 0.65 -0.55 1.38 447 

C03c Blames Others for Poor Performance 0.63 (0.86) 1.14 0.24 1.34 446 

C04a Shallow, Deficient Affect 0.32 (0.65) 2.04 3.60 1.39 446 

C04b Turns Emotions ‘On’ or ‘Off’ 

Quickly 

0.41 (0.72) 1.81 2.74 1.31 446 

C04c Manipulates 0.41 (0.67) 1.61 2.05 1.34 446 

C04d Inconsistent Affect 0.24 (0.60) 2.75 7.51 1.31 447 

F01 Psychological Strain 0.96 (0.94) 0.36 -1.21 1.93 446 

F02 Functional Impairment Related to 

Home Life and Family Members 

1.33 (1.04) -0.01 -1.27 2.25 443 

F03 Functional Impairment Related to 

Relationships with Adults 

0.75 (0.91) 0.86 -0.43 2.49 444 

F04 Functional Impairment Related to 

Relationships with Children/Adolescents; 

Recreational Activities 

0.85 (0.98) 0.73 -0.76 2.44 445 

F05 Functional Impairment Related to 

Academic Performance 

0.76 (1.10) 0.94 -0.47 2.19 445 

Note. Each symptom was rated by clinicians using the DSM-5 based, semi-structured Clinical 

Parent Interview for Externalizing Disorders in Children and Adolescents (ILF-EXTERNAL) 

conducted with the parents. VIF = Variance inflation factor; ADHD = attention-

deficit/hyperactivity disorder; ODD = oppositional defiant disorder; CD = conduct disorder; 

CU = callous-unemotional. 
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Table S3 

Multivariate linear regression analysis predicting global functional impairment from 

individual ADHD symptoms 

Predictors Estimate SE 95% CI t p 

A01 Careless 0.02 0.03 -.04, .09 0.68 .498 

A02 Difficulties Sustaining Attention 0.11 0.04 .04, .19 2.92** .004 

A03 Does not Listen 0.05 0.03 .00, .10 1.96 .051 

A04 Does not Finish Work 0.02 0.03 -.04, .09 0.67 .051 

A05 Organizational Skills 0.02 0.03 -.04, .08 0.71 .480 

A06 Concentration 0.05 0.03 .00, .11 1.97* .049 

A07 Loses Things -0.02 0.02 -.07, .02 -0.90 .367 

A08 Easily Distracted 0.18 0.04 .10, .26 4.41*** < .001 

A09 Forgetful 0.04 0.03 -.01, .09 1.47 .141 

B01 Fidgets -0.07 0.03 -.14, -.01 -2.31* .021 

B02 Leaves Seat 0.06 0.03 .00, .12 2.06* .040 

B03 Runs, Climbs 0.07 0.03 .01, .13 2.44* .015 

B04 Playing Quietly 0.01 0.03 -.04, .06 0.35 .727 

B05 Driven, on the go 0.04 0.03 -.01, .09 1.49 .138 

B06 Blurts out Answers 0.05 0.03 .00, .10 1.81 .071 

B07 Waits for turn -0.02 0.03 -.07, .04 -0.60 .550 

B08 Interrupts, Intrudes 0.10 0.03 .03, .16 2.98** .003 

B09 Talks excessively 0.01 0.02 -.04, .05 0.36 .719 

Age 0.02 0.02 -.01, .05 1.12 .260 

Gender 0.13 0.06 .02, .25 2.25* .025 

Note. Significant predictors are shaded in gray. F = 12.69, df = 451, p < .001, R2 = .36; ADHD 

= attention-deficit/hyperactivity disorder. 

* p < .05; ** p < .01; *** p < .001.
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Table S4 

Multivariate linear regression analysis predicting global functional impairment from 

individual ODD/CD/CU symptoms 

Predictors Estimate SE 95% CI t p 

A01 Loses Temper 0.12 0.04 .03, .20 2.63** .009 

A02 Touchy, Easily Annoyed 0.02 0.04 -.06, .20 0.41 .679 

A03 Angry, Resentful 0.08 0.04 .01, .16 2.31* .022 

A04 Argues with Adults 0.13 0.04 .06, .20 3.51*** < .001 

A05 Refuses to Comply 0.06 0.04 -.02, .13 1.56 .119 

A06 Annoys 0.08 0.04 .02, .15 2.39* .018 

A07 Blames Others 0.06 0.03 -.01, .12 1.74 .082 

A08 Spiteful, Vindictive -0.15 0.05 -.24, -.06 -3.18** .002 

D01 Recurrent Temper Outbursts -0.10 0.05 -.19, -.01 -2.16* .032 

D02 Persistently Irritable or Angry Mood 0.07 0.04 -.02, .15 1.49 .134 

B01 Physical Fights 0.17 0.05 .08, .26 3.68*** < .001 

B02 Bullies, Threatens, or Intimidates 0.08 0.05 -.13, .18 1.70 .091 

B03 Cruel to Animals 0.14 0.08 -.01, .30 1.79 .074 

B04 Lies 0.06 0.04 -.01, .13 1.74 .084 

B05 Steals Without Confrontation 0.11 0.05 .00, .21 1.99* .047 

C01a Lack of Remorse 0.04 0.05 -.05, .13 0.89 .377 

C01b Lack of Concern 0.05 0.04 -.03, .13 1.17 .244 

C02a Cold and Uncaring -0.05 0.05 -.14, .05 -0.92 .356 

C02b Self-Serving 0.06 0.04 -.01, .15 1.53 .127 

C03a Indifferent to Poor Performance -0.07 0.04 -.15, .01 -1.67 .096 

C03b Avoids Effort 0.08 0.04 .01, .14 2.20* .028 

C03c Blames Others for Poor Performance 0.04 0.04 -.03, .11 1.07 .283 

C04a Shallow, Deficient Affect -0.06 0.05 -.16, .03 -1.31 .189 

C04b Turns Emotions ‘On’ or ‘Off’ Quickly 0.05 0.04 -.03, .14 1.38 .169 

C04c Manipulates -0.02 0.05 -.10, .08 -0.19 .853 

C04d. Inconsistent Affect 0.12 0.05 .02, .22 2.26* .024 

Age 0.02 0.02 -.02, .05 0.86 .389 

Gender -0.01 0.07 -.15, .14 -0.08 .938 

Note. Significant predictors are shaded in gray. F = 16.06, df = 411, p < .001, R2 = .52; ODD = 

oppositional defiant disorder; CD = conduct disorder; CU = callous-unemotional. * p < .05; ** 

p < .01; *** p < .001. 
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Table S5 

Multivariate linear regression analysis predicting global functional impairment from all 

externalizing symptoms 

Predictors Estimate SE 95% CI t p 

A01 Careless -0.01 0.03 -.06, .05 -0.24 .810 

A02 Difficulties Sustaining Attention 0.06 0.04 -.01, .12 1.51 .131 

A03 Does not Listen 0.03 0.03 -.02, .08 1.08 .280 

A04 Does not Finish Work 0.03 0.03 -.03, .09 1.11 .268 

A05 Organizational Skills 0.01 0.023 -.04, .07 0.45 .655 

A06 Concentration -0.01 0.03 -.06, .04 -0.28 .776 

A07 Loses Things -0.03 0.02 -.01, .01 -1.30 .195 

A08 Easily Distracted 0.13 0.04 .06, .20 3.34*** < .001 

A09 Forgetful 0.01 0.02 -.04, .05 0.24 .808 

B01 Fidgets -0.02 0.03 -.08, .04 -0.66 .513 

B02 Leaves Seat 0.00 0.03 -.05, .06 0.15 .878 

B03 Runs, Climbs 0.06 0.03 .01, .11 2.17* .030 

B04 Playing Quietly 0.01 0.03 -.04, .06 0.36 .716 

B05 Driven, on the go 0.00 0.03 -.05, .05 0.11 .914 

B06 Blurts out Answers -0.03 0.02 -.08, .02 -1.18 .241 

B07 Waits for turn -0.03 0.02 -.08, .02 -1.15 .249 

B08 Interrupts, Intrudes 0.05 0.03 -.01, .11 1.58 .116 

B09 Talks excessively -0.01 0.02 -.05, .04 -0.23 .822 

A01 Loses Temper 0.07 0.03 .01, .14 2.14* .033 

A02 Touchy, Easily Annoyed 0.02 0.03 -.04, .08 0.53 .595 

A03 Angry, Resentful 0.08 0.03 .03, .14 3.00** .003 

A04 Argues with Adults 0.09 0.03 .04, .15 3.23** .001 

A05 Refuses to Comply 0.04 0.03 -.02, .09 1.42 .157 

A06 Annoys 0.10 0.03 .05, .15 3.69*** < .001 

A07 Blames Others 0.03 0.03 -.02, .07 0.99 .322 

A08 Spiteful, Vindictive -0.10 0.04 -.17, -.03 -2.92** .004 

D01 Recurrent Temper Outbursts -0.07 0.04 -.14, .00 -1.86 .064 

D02 Persistently Irritable or Angry Mood 0.05 0.03 -.02, .11 1.37 .172 

B01 Physical Fights 0.14 0.03 .07, .20 3.99*** < .001 

B02 Bullies, Threatens, or Intimidates 0.03 0.04 -.04, .11 0.87 .385 

B03 Cruel to Animals 0.08 0.06 -.04, .20 1.36 .174 

B04 Lies 0.03 0.03 -.02, .09 1.29 .198 

B05 Steals Without Confrontation 0.06 0.04 -.02, .14 1.57 .118 

C01a Lack of Remorse -0.01 0.04 -.08, .06 -0.36 .721 

C01b Lack of Concern 0.02 0.03 -.05, .08 0.47 .639 

C02a Cold and Uncaring 0.03 0.04 -.05, .10 0.70 .485 

C02b Self-Serving 0.02 0.03 -.05, .08 0.52 .606 

C03a Indifferent to Poor Performance -0.03 0.03 -.10, .03 -1.08 .283 

C03b Avoids Effort 0.08 0.03 .03, .13 2.89** .004 

C03c Blames Others for Poor Performance 0.02 0.03 -.04, .07 0.61 .543 

C04a Shallow, Deficient Affect -0.04 0.04 -.12, .03 -1.17 .242 

C04b Turns Emotions ‘On’ or ‘Off’ Quickly 0.02 0.03 -.04, .09 0.74 .461 

C04c Manipulates -0.03 0.04 -.10, .04 -0.85 .396 

C04d Inconsistent Affect 0.08 0.04 .00, .16 1.94 .053 

Age 0.02 0.02 -.01, .05 1.39 .165 

Gender 0.03 0.06 -.08, .14 0.49 .627 

Note. Significant predictors are shaded in gray. F = 11.40, df = 397, p < .001, R2 = .57.  

* p < .05; ** p < .01; *** p < .001. 
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Table S6 

Ordinal logistic regression analysis predicting functional impairment domains from 

individual ADHD symptoms 

Predictors Estimate SE z p OR 95% CI 

F01 Psychological Strain       

A01 Careless 0.25 0.13 1.95 .052 1.28 0.99, 1.65 

A02 Difficulties Sustaining Attention 0.39 0.16 2.49* .013 1.48 1.09, 2.02 

A03 Does not Listen 0.04 0.11 0.38 .705 1.04 0.85, 1.28 

A04 Does not Finish Work 0.12 0.13 0.93 .350 1.13 0.88, 1.45 

A05 Organizational Skills 0.07 0.12 0.58 .562 1.07 0.85, 1.36 

A06 Concentration -0.09 0.11 -0.82 .411 0.91 0.74, 1.13 

A07 Loses Things 0.06 0.09 0.62 .537 1.06 0.90, 1.26 

A08 Easily Distracted 0.45 0.16 2.80** .005 1.56 1.14, 2.14 

A09 Forgetful 0.09 0.10 0.83 .405 1.09 0.89, 1.37 

B01 Fidgets -0.20 0.3 -1.53 .126 0.82 0.64, 1.06 

B02 Leaves Seat 0.06 0.12 0.47 .642 1.06 0.84, 1.32 

B03 Runs, Climbs 0.35 0.12 2.96** .003 1.42 1.12, 1.79 

B04 Playing Quietly -0.07 0.10 -0.64 .521 0.94 0.76, 1.15 

B05 Driven, on the go 0.03 0.11 0.27 .790 1.03 0.84, 1.27 

B06 Blurts out Answers 0.04 0.10 0.41 .683 1.05 0.85, 1.27 

B07 Waits for turn -0.09 0.10 -0.88 .381 0.91 0.75, 1.12 

B08 Interrupts, Intrudes 0.112 0.13 0.91 .363 1.12 0.87, 1.44 

B09 Talks excessively -0.03 0.09 -0.32 .752 0.97 0.81, 1.17 

Age 0.06 0.07 0.85 .396 1.06 0.93, 1.20 

Gender -0.05 0.23 -0.23 .815 0.95 0.60, 1.49 

F02 Functional Impairment Related  

to Home Life and Family Members 
      

A01 Careless 0.09 0.13 0.68 .498 1.09 0.84, 1.42 

A02 Difficulties Sustaining Attention 0.39 0.16 2.49* .013 1.48 1.08, 2.02 

A03 Does not Listen 0.33 0.11 3.02** .004 1.38 1.12, 1.71 

A04 Does not Finish Work -0.16 0.13 -1.22 .222 0.85 0.65, 1.10 

A05 Organizational Skills 0.07 0.13 0.54 .588 1.07 0.84, 1.36 

A06 Concentration 0.28 0.11 2.44* .015 1.32 1.06, 1.65 

A07 Loses Things -0.07 0.09 -0.78 .433 0.93 0.78, 1.11 

A08 Easily Distracted 0.13 0.17 0.79 .428 1.14 0.82, 1.59 

A09 Forgetful 0.01 0.10 0.15 .883 1.01 0.83, 1.23 

B01 Fidgets -0.25 0.13 -1.99* .047 0.78 0.60, 1.00 

B02 Leaves Seat 0.27 0.12 2.24* .025 1.30 1.03, 1.66 

B03 Runs, Climbs 0.23 0.12 1.91 .057 1.26 0.99, 1.59 

B04 Playing Quietly 0.00 0.11 -0.02 .981 0.99 0.81, 1.23 

B05 Driven, on the go 0.26 0.11 2.35* .019 1.29 1.04, 1.60 

B06 Blurts out Answers 0.16 0.10 1.53 .127 1.17 0.96, 1.43 

B07 Waits for turn -0.06 0.10 -0.55 .580 0.94 0.77, 1.16 

B08 Interrupts, Intrudes 0.04 0.13 0.31 .760 1.04 0.81, 1.34 

B09 Talks excessively 0.03 0.09 0.31 .759 1.03 0.86, 1.24 

Age -0.06 0.07 -0.98 .326 0.94 0.83, 1.07 

Gender 0.20 0.23 0.87 .383 1.22 0.78, 1.91 

F03 Functional Impairment Related to 

Relationships with Adults 
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Predictors Estimate SE z p OR 95% CI 

A01 Careless -0.11 0.13 -0.88 .380 0.89 0.69, 1.14 

A02 Difficulties Sustaining Attention 0.16 0.16 1.05 .293 1.17 0.87, 1.60 

A03 Does not Listen 0.12 0.10 1.16 .244 1.13 0.92, 1.39 

A04 Does not Finish Work 0.03 0.13 0.24 .808 1.03 0.81, 1.32 

A05 Organizational Skills -0.05 0.12 -0.43 .670 0.95 0.75, 1.21 

A06 Concentration 0.09 0.11 0.80 .421 1.09 0.88, 1.35 

A07 Loses Things 0.10 0.09 1.08 .279 1.10 0.93, 1.31 

A08 Easily Distracted 0.10 0.16 0.60 .551 1.10 0.80, 1.50 

A09 Forgetful 0.11 0.10 1.15 .246 1.12 0.92, 1.36 

B01 Fidgets -0.04 0.13 -0.32 .752 0.96 0.75, 1.22 

B02 Leaves Seat 0.29 0.12 2.50* .013 1.34 1.07, 1.69 

B03 Runs, Climbs 0.07 0.12 0.57 .571 1.07 0.85, 1.34 

B04 Playing Quietly 0.04 0.11 0.35 .724 1.04 0.84, 1.28 

B05 Driven, on the go 0.18 0.11 1.73 .084 1.20 0.98, 1.48 

B06 Blurts out Answers 0.06 0.10 0.63 .527 1.07 0.87, 1.30 

B07 Waits for turn -0.01 0.10 -0.10 .923 0.99 0.81, 1.21 

B08 Interrupts, Intrudes 0.21 0.13 1.60 .110 1.22 0.95, 1.58 

B09 Talks excessively 0.014 0.09 0.15 .882 1.01 0.85, 1.22 

Age 0.16 0.06 2.49* .013 1.17 1.03, 1.33 

Gender 0.53 0.23 2.30* .021 1.69 1.08, 2.65 

F04 Functional Impairment Related to 

Relationships with Children/Adolescents; 

Recreational Activities 

      

A01 Careless -0.12 0.13 -0.91 .363 0.89 0.69, 1.14 

A02 Difficulties Sustaining Attention 0.26 0.16 1.63 .102 1.29 0.95, 1.76 

A03 Does not Listen 0.10 0.10 0.93 .354 1.10 0.90, 1.35 

A04 Does not Finish Work -0.08 0.13 -0.59 .555 0.93 0.72, 1.19 

A05 Organizational Skills 0.17 0.12 1.40 .161 1.19 0.93, 1.51 

A06 Concentration 0.01 0.11 0.11 .910 1.01 0.82, 1.25 

A07 Loses Things -0.21 0.09 -2.27* .023 0.81 0.68, 0.97 

A08 Easily Distracted 0.69 0.16 4.22*** 
< 

.001 
1.99 1.45, 2.75 

A09 Forgetful 0.14 0.10 1.40 .162 1.14 0.95, 1.39 

B01 Fidgets -0.19 0.13 -1.47 .142 0.83 0.65, 1.06 

B02 Leaves Seat 0.11 0.12 0.90 .366 1.11 0.88, 1.40 

B03 Runs, Climbs 0.05 0.11 0.43 .660 1.05 0.84, 1.32 

B04 Playing Quietly -0.07 0.11 -0.70 .482 0.93 0.75, 1.14 

B05 Driven, on the go 0.12 0.10 1.18 .238 1.13 0.92, 1.39 

B06 Blurts out Answers 0.23 0.10 2.26* .024 1.25 1.03, 1.53 

B07 Waits for turn 0.10 0.10 1.01 .315 1.10 0.91, 1.36 

B08 Interrupts, Intrudes 0.48 0.13 3.63*** 
< 

.001 
1.65 1.25, 2.10 

B09 Talks excessively 0.17 0.09 1.80 .072 1.19 0.99, 1.43 

Age -0.07 0.07 -1.07 .286 0.93 0.82, 1.06 

Gender 0.82 0.23 3.37*** 
< 

.001 
2.26 1.44, 3.60 

F05 Functional Impairment Related to Academic 

Performance 
      

A01 Careless 0.22 0.13 1.63 .103 1.24 0.96, 1.61 

A02 Difficulties Sustaining Attention 0.29 0.16 1.82 .069 1.34 0.98, 1.85 
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Predictors Estimate SE z p OR 95% CI 

A03 Does not Listen 0.07 0.11 0.61 .540 1.07 0.87, 1.32 

A04 Does not Finish Work 0.32 0.13 2.49* .013 1.38 1.07, 1.78 

A05 Organizational Skills -0.05 0.15 -0.44 .663 0.95 0.74, 1.21 

A06 Concentration 0.28 0.11 2.50* .012 1.32 1.06, 1.64 

A07 Loses Things -0.20 0.09 -2.10* .036 0.82 0.68, 0.99 

A08 Easily Distracted 0.50 0.17 2.96** .003 1.65 1.19, 2.23 

A09 Forgetful 0.09 0.10 0.88 .378 1.09 0.90, 1.33 

B01 Fidgets -0.17 0.13 -1.35 .177 0.84 0.66, 1.08 

B02 Leaves Seat 0.08 0.12 0.65 .513 1.08 0.86, 1.36 

B03 Runs, Climbs 0.18 0.12 1.47 .143 1.19 0.94, 1.51 

B04 Playing Quietly 0.17 0.11 1.57 .118 1.19 0.96, 1.47 

B05 Driven, on the go -0.15 0.11 -1.36 .174 0.86 0.69, 1.07 

B06 Blurts out Answers 0.11 0.10 1.10 .271 1.12 0.91, 1.37 

B07 Waits for turn -0.17 0.11 -1.65 .099 0.84 0.68, 1.03 

B08 Interrupts, Intrudes 0.20 0.13 1.54 .123 1.22 0.95, 1.58 

B09 Talks excessively -0.10 0.09 -1.05 .293 0.91 0.75, 1.09 

Age 0.15 0.07 2.28* .023 1.16 1.02, 1.33 

Gender 0.00 0.23 -0.02 .986 1.00 0.63, 1.67 

Note. Significant predictors are shaded in light gray and the response variables are shaded in 

dark gray. McFadden’s Pseudo R2 = .06 (F01); .09 (F02); .07 (F03); .12 (F04); .08 (F05). 

ADHD = attention-deficit/hyperactivity disorder, OR = odds ratio. 

* p < .05; ** p < .01; *** p < .001.
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Table S7 

Ordinal logistic regression analysis predicting functional impairment domains from 

individual ODD/CD/CU symptoms 

Predictors Estimate SE z p OR 95% CI 

F01 Psychological Strain       

A01 Loses Temper 0.43 0.16 2.71** .007 1.54 1.13, 2.11 

A02 Touchy, Easily Annoyed 0.07 0.14 0.47 .640 1.07 0.81, 1.40 

A03 Angry, Resentful 0.38 0.13 2.86** .004 1.46 1.12, 1.84 

A04 Argues with Adults 0.25 0.13 1.92 .055 1.28 0.99, 1.65 

A05 Refuses to Comply with Requests -0.03 0.13 -0.21 .835 0.97 0.75, 1.26 

A06 Annoys 0.06 0.12 0.48 .634 1.06 0.83, 1.35 

A07 Blames Others 0.15 0.11 1.30 .195 1.16 0.93, 1.44 

A08 Spiteful, Vindictive -0.12 0.16 -0.72 .470 0.89 0.64, 1.26 

D01 Recurrent Temper Outbursts -0.09 0.16 -0.58 .563 0.91 0.66, 1.25 

D02 Persistently Irritable or Angry Mood 0.07 0.16 0.47 .641 1.07 0.79, 1.56 

B01 Physical Fights 0.31 0.16 2.02* .043 1.37 1.01, 1.86 

B02 Bullies, Threatens, or Intimidates 0.24 0.17 1.40 .163 1.27 0.91, 1.78 

B03 Cruel to Animals -0.02 0.28 -0.07 .945 0.98 0.56, 1.72 

B04. Lies 0.35 0.12 2.79** .005 1.41 1.10, 1.81 

B05. Steals Without Confrontation 0.05 0.19 0.28 .777 1.05 0.73, 1.52 

C01a Lack of Remorse -0.08 0.16 -0.53 .596 0.92 0.67, 1.25 

C01b Lack of Concern 0.09 0.15 0.64 .521 1.10 0.82, 1.46 

C02a Cold and Uncaring -0.45 0.18 -2.52* .012 0.64 0.45, 0.90 

C02b Self-Serving 0.27 0.15 1.81 .071 1.31 0.98, 1.75 

C03a Indifferent to Poor Performance -0.32 0.15 -2.08* .038 0.73 0.54, 0.98 

C03b Avoids Effort 0.04 0.12 0.33 .740 1.04 0.82, 1.33 

C03c Blames Others for Poor Performance -0.03 0.13 -0.26 .792 0.97 0.76, 1.24 

C04a Shallow, Deficient Affect 0.06 0.17 0.34 .732 1.06 0.76, 1.48 

C04b Turns Emotions ‘On’ or ‘Off’ Quickly 0.06 0.15 0.42 .676 1.06 0.80, 1.42 

C04c Manipulates -0.02 0.16 -0.10 .919 0.98 0.71, 1.35 

C04d Inconsistent Affect 0.19 0.18 1.04 .297 1.21 0.85, 1.75 

Age 0.02 0.07 0.31 .760 1.02 0.90, 1.16 

Gender -0.15 0.25 -0.61 .544 0.86 0.52, 1.42 

F02 Functional Impairment Related  

to Home Life and Family Members 
      

A01 Loses Temper 0.39 0.15 2.52* .012 1.48 1.09, 2.00 

A02 Touchy, Easily Annoyed -0.09 0.14 -0.68 .496 0.91 0.69, 1.19 

A03 Angry, Resentful 0.15 0.13 1.14 .253 1.16 0.90, 1.49 

A04 Argues with Adults 0.56 0.13 4.31*** < .001 1.75 1.36, 2.27 

A05 Refuses to Comply with Requests 0.25 0.13 1.96* .050 1.28 1.00, 1.65 

A06 Annoys 0.26 0.12 2.10* .035 1.30 1.02, 1.66 

A07 Blames Others 0.12 0.11 1.03 .305 1.12 0.90, 1.41 

A08 Spiteful, Vindictive -0.01 0.17 -0.03 .975 0.99 0.71, 1.40 

D01 Recurrent Temper Outbursts -0.30 0.16 -1.80 .072 0.74 0.54, 1.03 

D02 Persistently Irritable or Angry Mood 0.37 0.16 2.34* .019 1.44 1.06, 1.97 

B01 Physical Fights 0.12 0.16 0.71 .476 1.12 0.82, 1.55 

B02 Bullies, Threatens, or Intimidates 0.03 0.18 0.15 .881 1.03 0.73, 1.45 

B03 Cruel to Animals 0.17 0.29 0.58 .559 1.19 0.66, 2.10 
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Predictors Estimate SE z p OR 95% CI 

B04. Lies 0.23 0.12 1.94 .052 1.26 1.00, 1.60 

B05. Steals Without Confrontation 0.22 0.18 1.24 .215 1.25 0.88, 1.79 

C01a Lack of Remorse 0.12 0.16 0.79 .430 1.13 0.83, 1.54 

C01b Lack of Concern 0.03 0.14 0.21 .832 1.03 0.78, 1.36 

C02a Cold and Uncaring -0.03 0.17 -0.18 .858 0.97 0.69, 1.36 

C02b Self-Serving 0.23 0.15 1.56 .119 1.26 0.94, 1.70 

C03a Indifferent to Poor Performance -0.18 0.15 -1.22 .224 0.83 0.62, 1.11 

C03b Avoids Effort 0.05 0.12 0.38 .702 1.05 0.83, 1.33 

C03c Blames Others for Poor Performance 0.07 0.13 0.56 .574 1.07 0.84, 1.37 

C04a Shallow, Deficient Affect -0.09 0.17 -0.50 .615 0.92 0.66, 1.28 

C04b Turns Emotions ‘On’ or ‘Off’ Quickly -0.07 0.15 -0.47 .640 0.93 0.70, 1.25 

C04c Manipulates 0.10 0.16 0.61 .5425 1.10 0.80, 1.53 

C04d Inconsistent Affect 0.53 0.19 2.77** .006 1.70 1.17, 2.48 

Age -0.01 0.07 -0.14 .888 0.99 0.87, 1.13 

Gender 0.04 0.25 0.15 .884 1.03 0.64, 1.70 

F03 Functional Impairment Related to 

Relationships with Adults 
      

A01 Loses Temper 0.26 0.17 1.56 .118 1.30 0.94, 1.80 

A02 Touchy, Easily Annoyed -0.08 0.15 -0.57 .569 0.92 0.69, 1.23 

A03 Angry, Resentful 0.23 0.14 1.67 .095 1.25 0.96, 1.64 

A04 Argues with Adults 0.37 0.13 2.77** .006 1.45 1.12, 1.89 

A05 Refuses to Comply with Requests 0.15 0.14 1.06 .289 1.16 0.88, 1.52 

A06 Annoys 0.36 0.13 2.86** .004 1.44 1.12, 1.85 

A07 Blames Others 0.26 0.12 2.16* .030 1.29 1.02, 1.63 

A08 Spiteful, Vindictive -0.36 0.16 -2.26* .024 0.70 0.51, 0.95 

D01 Recurrent Temper Outbursts -0.40 0.17 -2.34* .019 0.67 0.48, 0.94 

D02 Persistently Irritable or Angry Mood 0.18 0.16 1.14 .254 1.20 0.88, 1.63 

B01 Physical Fights 0.45 0.16 2.81** .005 1.57 1.15, 2.15 

B02 Bullies, Threatens, or Intimidates 0.12 0.17 0.69 .493 1.12 0.81, 1.56 

B03 Cruel to Animals 0.30 0.27 1.12 .262 1.36 0.80, 2.32 

B04. Lies 0.08 0.13 0.65 .516 1.09 0.85, 1.39 

B05. Steals Without Confrontation 0.45 0.19 2.35* .019 1.56 1.08, 2.27 

C01a Lack of Remorse 0.10 0.16 0.64 .523 1.11 0.81, 1.52 

C01b Lack of Concern 0.31 0.15 2.13* .033 1.37 1.03, 1.83 

C02a Cold and Uncaring -0.36 0.18 -1.95 .051 0.70 0.49, 1.00 

C02b Self-Serving 0.29 0.15 1.97* .049 1.34 1.00, 1.79 

C03a Indifferent to Poor Performance -0.13 0.16 -0.84 .401 0.88 0.64, 1.19 

C03b Avoids Effort 0.31 0.13 2.38* .017 1.36 1.06, 1.75 

C03c Blames Others for Poor Performance 0.29 0.13 2.25* .024 1.34 1.04, 1.72 

C04a Shallow, Deficient Affect -0.41 0.18 -2.25* .024 0.66 0.46, 0.94 

C04b Turns Emotions ‘On’ or ‘Off’ Quickly 0.22 0.16 1.40 .160 1.25 0.92, 1.70 

C04c Manipulates -0.05 0.17 -0.31 .757 0.95 0.67, 1.32 

C04d Inconsistent Affect 0.21 0.19 1.10 .274 1.23 0.85, 1.78 

Age 0.05 0.07 0.65 .516 1.05 0.91, 1.21 

Gender 0.34 0.29 1.15 .250 1.40 0.80, 2.52 

F04 Functional Impairment Related to 

Relationships with Children/Adolescents; 

Recreational Activities 

      

A01 Loses Temper 0.35 0.17 2.13* .034 1.42 1.03, 1.97 
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Predictors Estimate SE z p OR 95% CI 

A02 Touchy, Easily Annoyed 0.33 0.15 2.26* .024 1.39 1.05, 1.85 

A03 Angry, Resentful 0.12 0.14 0.90 .367 1.13 0.86, 1.48 

A04 Argues with Adults 0.21 0.13 1.61 .107 1.23 0.96, 1.59 

A05 Refuses to Comply with Requests 0.19 0.13 1.45 .148 1.21 0.93, 1.58 

A06 Annoys 0.28 0.18 2.18* .029 1.32 1.03, 1.69 

A07 Blames Others 0.14 0.12 1.17 .242 1.15 0.91, 1.45 

A08 Spiteful, Vindictive -0.69 0.17 -4.05*** < .001 0.50 0.36, 0.70 

D01 Recurrent Temper Outbursts -0.30 0.17 -1.77 .077 0.74 0.53, 1.03 

D02 Persistently Irritable or Angry Mood 0.04 0.16 0.26 .795 1.04 0.77, 1.41 

B01 Physical Fights 0.61 0.16 3.79*** < .001 1.83 1.34, 2.52 

B02 Bullies, Threatens, or Intimidates 0.23 0.17 1.33 .183 1.25 0.90, 1.76 

B03 Cruel to Animals 0.63 0.27 2.32* .021 1.88 1.10, 3.23 

B04. Lies 0.21 0.13 1.69 .091 1.24 0.97, 1.58 

B05. Steals Without Confrontation 0.21 0.18 1.17 .241 1.24 0.86, 1.77 

C01a Lack of Remorse 0.21 0.16 1.35 .178 1.24 0.91, 1.69 

C01b Lack of Concern -0.03 0.15 -0.23 .815 0.97 0.72, 1.29 

C02a Cold and Uncaring 0.15 0.17 0.88 .378 1.17 0.83, 1.64 

C02b Self-Serving 0.00 0.15 0.02 .980 1.00 0.74, 1.35 

C03a Indifferent to Poor Performance -0.19 0.16 -1.18 .238 0.83 0.61, 1.12 

C03b Avoids Effort 0.23 0.13 1.80 .072 1.25 0.98, 1.61 

C03c Blames Others for Poor Performance -0.03 0.13 -0.25 .800 0.97 0.75, 1.25 

C04a Shallow, Deficient Affect -0.07 0.18 -0.38 .705 0.94 0.66, 1.32 

C04b Turns Emotions ‘On’ or ‘Off’ Quickly 0.08 0.15 0.56 .573 1.09 0.81, 1.46 

C04c Manipulates 0.04 0.17 0.21 .833 1.04 0.74, 1.44 

C04d Inconsistent Affect 0.49 0.19 2.62 .009** 1.63 1.13, 2.36 

Age 0.02 0.07 0.23 .815 1.02 0.89, 1.17 

Gender 0.07 0.27 0.25 .804 1.07 0.63, 1.84 

F05 Functional Impairment Related to 

Academic Performance 
      

A01 Loses Temper 0.21 0.17 1.23 .219 1.23 0.88, 1.71 

A02 Touchy, Easily Annoyed 0.05 0.15 0.38 .708 1.06 0.79, 1.41 

A03 Angry, Resentful 0.38 0.14 2.23* .026 1.36 1.04, 1.79 

A04 Argues with Adults 0.26 0.13 1.92 .055 1.29 0.99, 1.68 

A05 Refuses to Comply with Requests 0.27 0.14 1.96 .050 1.31 1.00, 1.72 

A06 Annoys 0.16 0.13 1.28 .201 1.18 0.92, 1.51 

A07 Blames Others 0.09 0.12 0.74 .460 1.09 0.86, 1.39 

A08 Spiteful, Vindictive -0.54 0.16 -3.30*** < .001 0.58 0.42, 0.80 

D01 Recurrent Temper Outbursts -0.15 0.17 -0.86 .393 0.86 0.62, 1.21 

D02 Persistently Irritable or Angry Mood 0.01 0.16 0.08 .935 1.01 0.74, 1.38 

B01 Physical Fights 0.42 0.16 2.66** .008 1.52 1.12, 2.08 

B02 Bullies, Threatens, or Intimidates 0.17 0.17 1.01 .314 1.19 0.85, 1.67 

B03 Cruel to Animals 0.52 0.29 1.80 .072 1.67 0.95, 2.93 

B04. Lies 0.02 0.13 0.14 .892 1.02 0.79, 1.30 

B05. Steals Without Confrontation 0.32 0.19 1.68 .093 1.37 0.95, 1.99 

C01a Lack of Remorse 0.10 0.16 0.60 .552 1.10 0.80, 1.52 

C01b Lack of Concern 0.25 0.15 1.69 .090 1.28 0.96, 1.70 

C02a Cold and Uncaring 0.13 0.18 0.69 .491 1.13 0.79, 1.63 

C02b Self-Serving -0.08 0.15 -0.54 .591 0.92 0.68, 1.24 

C03a Indifferent to Poor Performance -0.16 0.16 -0.99 .321 0.85 0.62, 1.17 
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Predictors Estimate SE z p OR 95% CI 

C03b Avoids Effort 0.46 0.13 3.50*** < .001 1.58 1.22, 2.05 

C03c Blames Others for Poor Performance 0.10 0.13 0.76 .449 1.10 0.85, 1.43 

C04a Shallow, Deficient Affect -0.38 0.19 -2.02* .043 0.69 0.47, 0.98 

C04b Turns Emotions ‘On’ or ‘Off’ Quickly 0.19 0.16 1.21 .225 1.21 0.89, 1.66 

C04c Manipulates -0.01 0.18 -0.06 .951 0.99 0.70, 1.40 

C04d Inconsistent Affect 0.21 0.19 1.10 .272 1.24 0.85, 1.81 

Age 0.07 0.07 0.94 .350 1.07 0.93, 1.23 

Gender 0.39 0.30 1.31 .189 1.47 0.84, 2.67 

Note. Significant predictors are shaded in light gray and the response variables are shaded in 

dark gray. McFadden’s Pseudo R2 = .16 (F01); .20 (F02); .22 (F03); .21 (F04); .18 (F05). ODD 

= oppositional defiant disorder; CD = conduct disorder; CU = callous-unemotional, OR = odds 

ratio. 

* p < .05; ** p < .01; *** p < .001
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Figure S1 

Zero-order correlation matrix for ADHD and ODD/CD/CU symptoms 

 

Note. Depicted are the zero-order Spearman intercorrelations between the ADHD symptoms (Figure S1a) and between the ODD/CD/CU symptoms 

(Figure S1b). Dark blue indicates strong positive correlations, dark red indicates strong negative correlations, and white indicates absence of 

correlation. The complete wording for each item can be found in Figure 1. ADHD = attention-deficit/hyperactivity disorder; ODD = oppositional 

defiant disorder; CD = conduct disorder; CU = callous-unemotional.  
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Figure S2  

Simulation studies estimating the correlation, sensitivity, and specificity of the ADHD and ODD/CD/CU networks 

 

Note. Simulation results of simulated data sets for varying sample sizes (n = 100, 250, 500, 1,000). Data sets were generated using the netSimulator 

function from the bootnet package and were based on the EBICglasso estimation, Spearman correlations, 2,500 repetitions, and a tuning parameter of 

λ = 0.5. For a moderate sample size (n = 500), as in our case, we can derive a moderate correlation accuracy between the “true” and the estimated 

edge weights, moderate to low sensitivities (i.e. the proportion of edges in the “true” networks that were also included in the estimated networks), and 

moderate to high specificities (i.e. the proportion of missing edges in the “true” networks that were correctly not included in the estimated networks). 

These results indicate that it is highly probable that the edges we observed “truly” exist. ADHD = attention-deficit/hyperactivity disorder; ODD = 

oppositional defiant disorder; CD = conduct disorder; CU = callous-unemotional.
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Figure S3  

Edge weight accuracies for the ADHD and ODD/CD/CU networks 

 

Note. The horizontal gray area represents the 95% quantile range of the parameter values based on 2,500 bootstrap samples. The red dots represent the 

original sample values and the black dots represent the bootstrap mean values. The y-axis shows all edges in the network (labels omitted for ease of 

legibility) and the x-axis shows the strength of the edge weights. ADHD = attention-deficit/hyperactivity disorder; ODD = oppositional defiant disorder; 

CD = conduct disorder; CU = callous-unemotional. 
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Figure S4  

Bootstrapped difference test for the edge weights from the attention-deficit/hyperactivity disorder (ADHD) network 

 

Note. The gray boxes indicate that two edge weights do not significantly differ from each other; the black boxes mark a significant difference between 

two edge weights (α = .05). Most of the strongest edges differ significantly from the other edges in the network.  
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Figure S5 

Bootstrapped difference test for the edge weights from the ODD/CD/CU network 

 

Note. The gray boxes indicate that two edge weights do not significantly differ from each other; the black boxes mark a significant difference between 

two edge weights (α = .05). Most of the strongest edges differ significantly from the other edges in the network. ODD = oppositional defiant disorder; 

CD = conduct disorder; CU = callous-unemotional.  
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Figure S6 

Network of all externalizing symptoms with associated functional impairment domains 

 

Note. The figure depicts the network structure of all externalizing symptoms and functional 

impairment related to psychological strain (F1) and in the domains of home life and family 

members (F2), relationships with adults (F3), relationships with children/adolescents and 

recreational activities (F4), and academic performance (F5). Item dimensions are differentiated 

by color. Blue edges represent positive partial correlations, and the thickness of an edge 

represents the strength of the partial correlation. A short description of each item is provided 

in Figure 1. Regarding the strongest associations of functional impairment domains with 

symptoms, the strongest partial correlations (i.e., the largest edge weights) were as follows: 

ADHD F1 and A8 Easily Distracted (ρxy•z = .02), ADHD F2 and A4 Argues with Adults (ρxy•z 

= .05), ADHD F3 and B2 Leaves Seat (ρxy•z = .02), ADHD F4 and B8 Interrupts, Intrudes (ρxy•z 

=.12), ADHD F5 showed no associations with other symptoms, DB F1 and A1 Loses Temper 

(ρxy•z = .06), DB F2 and A4 Argues with Adults (ρxy•z = .14), DB F3 and A7 Blames Others 

(ρxy•z = .06), DB F4 and B1 Physical Fights (ρxy•z = .08), and DB F5 and A5 Refuses to Comply 

(ρxy•z = .05). ADHD = attention-deficit/hyperactivity disorder; IA = Inattention; HI = 

hyperactivity-impulsivity; DB = disruptive behavior symptoms; ODD = oppositional defiant 

disorder; AD = affective dysregulation; CD = conduct disorder; CU = callous-unemotional.
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Figure S7  

Edge weight accuracies for the network of externalizing symptoms 

 
Note. The horizontal gray area represents the 95% quantile range of the parameter values based 

on 2,500 bootstrap samples. The red dots represent the original sample values and the black 

dots represent the bootstrap mean values. The y-axis shows all edges in the network (labels 

omitted for ease of legibility) and the x-axis shows the strength of the edge weights.  
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