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ABSTRACT 
The Autism–Tics, ADHD and other Comorbidities inventory (A–TAC) is a 
broad-band screening instrument for neurodevelopmental disorder (e.g., 
autism spectrum disorder (ASD), attention deficit hyperactivity disorder 
(ADHD), and learning disorder (LD)), and commonly co-occurring disorders 
within child and adolescent psychiatry (e.g., oppositional defiant disorder 
(ODD)). The overarching aim of this thesis is to further evaluate the 
psychometric properties of the A–TAC, with a particular focus on ASD. All 
papers are based on data from the Child and Adolescent Twin Study in Sweden, 
which includes a parental interview with the A–TAC and provides a linkage to 
the National Patient Register in Sweden. Paper I examines the previous and 
predictive validity of the A–TAC. The results show that the A-TAC is 
particularly strong as a screening instrument for ASD, ADHD, LD and ODD. 
In paper II, a short form of the ASD domain is developed by utilizing item 
response theory. Four items were selected for the short form, which showed 
excellent previous validity. Paper III aims to compare males and females with 
regard to degree of ASD symptomatology by way of a sex-specific 
standardized score. The results indicate that females diagnosed with ASD 
represent an even more extreme end of the distribution of ASD traits in the 
general population of females than do males diagnosed with ASD. Paper IV 
examines the items in the ASD domain in the A–TAC for differential item 
functioning and investigates whether a subset of items are better at capturing 
ASD traits in males and females. The results show that the ASD domain is 
largely equivalent (i.e., the same construct is measured across sexes). In 
conclusion, the A–TAC is a well-validated broad-band screening instrument 
that can be used in research and clinical practice. The ASD short form can be 
particularly useful in large-scale studies. Females with ASD may present with 
quantitatively fewer symptoms of ASD, which highlight the need to consider 
the quality of the manifest symptoms during clinical assessments. The limited 
psychometric difference between males and females diminishes the need for 
sex-specific scoring for the ASD domain. However, the possible differences in 
the manifestation of ASD across sex and age need to be further examined in 
order to ensure content validity and the usage of appropriate cut-off values. 

Keywords: neurodevelopmental disorders, autism, ADHD, A–TAC, 
screening, sex, item response theory, differential item functioning 
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SAMMANFATTNING PÅ SVENSKA 
Screeninginstrumetet Autism–Tics, ADHD, och andra komorbiditeter,             
A–TAC, är utvecklat för att fånga utvecklingsrelaterade funktionsavvikelser, 
så som autismspektrumtillstånd (AST), aktivitets- och uppmärksamhets-
störning (ADHD) och inlärningssvårigheter  samt andra vanligt förekommande 
diagnoser inom barn- och ungdomspsykiatrin, exempelvis trotssyndrom. Det 
övergripande syftet med denna avhandling är att genomföra ytterligare 
utvärderingar av A–TACs psykometriska egenskaper, med ett särskilt fokus på 
AST. Alla delstudier är baserade på data från barn- och ungdomsstudien i 
Sverige (CATSS) som inkluderar en föräldraintervju med A–TAC samt 
länkning till det svenska patientregistret. Delstudie I undersöker A–TACs 
bekräftande och prediktiva validitet. Resultatet visar på att A–TAC har en 
särskild styrka som ett screeninginstrument för AST, ADHD, 
inlärningssvårigheter och trotssyndrom. I delstudie II utvecklas en kortskala 
för AST domänen i A–TAC genom att använda modern mätteori (item 
response theory). Fyra frågor valdes ut till kortskalan som uppvisar en utmärkt 
bekräftande validitet. Delstudie III syftar till att jämföra graden av AST 
symtomatologi hos pojkar och flickor genom att studera könsspecifika 
standardiserade poäng. Resultatet visar på att flickor med en AST diagnos 
representerar en mer extrem ände av distributionen av AST drag i en generell 
population av flickor jämfört med pojkar diagnostiserade med AST. I 
delstudie IV används den statistiska metoden Differential Item Functioning 
för att undersöka om frågorna som utgör AST domänen mäter samma 
konstrukt hos pojkar och flickor. Resultatet visade på att AST domänen på ett 
likvärdigt sätt mäter AST drag hos pojkar och flickor, endast små skillnader 
upptäcktes mellan pojkar och flickor. Sammanfattningsvis är A–TAC ett väl 
validerat och omfattande screeninginstrument som kan användas inom både 
klinik och forskning. Kortskalan av AST domänen kan vara särskilt värdefull 
i storskaliga studier. Flickor med AST kan uppvisa kvantitativt färre symtom 
på AST, vilket tyder på att kvalitén av de manifesta symtomen bör beaktas vid 
utredning. Den psykometriska skillnaden mellan pojkar och flickor var liten 
vilket minskar behovet av könsspecifika versioner avseende den totala ASD-
domänen. Den möjliga skillnaden mellan hur AST drag tar sig i uttryck hos 
pojkar och flickor och i olika åldersgrupper behöver undersökas framöver för 
att säkerställa innehållsvaliditet samt användandet av lämpliga gränsvärden
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1 INTRODUCTION 

1.1 NEURODEVELOPMENTAL DISORDERS 
Neurodevelopmental disorders (NDDs) are characterized by onset during the 
childhood years and manifested in functional deficits. Impairment can range 
from specific learning problems to global impairment that affects all aspects 
of everyday life. In the Diagnostic and Statistical Manual of Mental Disorders 
– fifth edition (DSM-5), NDD is an umbrella term encompassing intellectual 
disability (ID), communication disorders (language disorder, speech sound 
disorder, social communication disorder, and childhood-onset fluency 
disorder), autism spectrum disorder (ASD), attention deficit hyperactivity 
disorder (ADHD), motor disorders (developmental coordination disorder 
(DCD), stereotypic movement disorder, and tic disorder (TD)) and specific 
learning disorders (i.e. related to reading, writing, or arithmetic skills).1   

NDDs affect at least 7%–10% of all children2 and are generally diagnosed 
more often in boys than in girls.3 The heritability of NDDs is high4-6 and a 
shared genetic liability has been reported across disorders.7-9 The distribution 
of NDDs is considered to be dimensional rather than categorical.10-13 Thus, a 
clinical diagnosis of NDD is, in most instances, considered to represent the 
extreme end of the dimensional distribution. Today, it is widely acknowledged 
that co-occurrence of NDDs is high (i.e., the presence of one NDD predicts the 
presence of another, which has been described as the rule rather than the 
exception).2 In the case of ASD, studies using both clinical and population-
based samples have reported that 70%–95% of the children with ASD have at 
least one additional diagnosis. The substantial rate of co-occurrence also 
includes other well-known psychiatric disorders (e.g., anxiety and 
depression).14-20  

The term Early Symptomatic Syndromes Eliciting Neurodevelopmental 
Clinical Examinations, or ESSENCE for short, was created by Professor 
Christopher Gillberg to emphasize the symptomatic overlap between disorders. 
Gillberg emphasizes the need for a holistic perspective and multidisciplinary 
assessment in order to provide interventions that address the specific needs of 
each child and family. Therefore, children who show impairing symptoms 
before the age of five in one or more of the following areas – general 
development, communication and language, social inter-relatedness, motor 
coordination, attention, activity, behavior, mood, or sleep – should be referred 
to a multidisciplinary team.2  



 

 
 

  

  INTRODUCTION  

1 

1 INTRODUCTION 

1.1 NEURODEVELOPMENTAL DISORDERS 
Neurodevelopmental disorders (NDDs) are characterized by onset during the 
childhood years and manifested in functional deficits. Impairment can range 
from specific learning problems to global impairment that affects all aspects 
of everyday life. In the Diagnostic and Statistical Manual of Mental Disorders 
– fifth edition (DSM-5), NDD is an umbrella term encompassing intellectual 
disability (ID), communication disorders (language disorder, speech sound 
disorder, social communication disorder, and childhood-onset fluency 
disorder), autism spectrum disorder (ASD), attention deficit hyperactivity 
disorder (ADHD), motor disorders (developmental coordination disorder 
(DCD), stereotypic movement disorder, and tic disorder (TD)) and specific 
learning disorders (i.e. related to reading, writing, or arithmetic skills).1   

NDDs affect at least 7%–10% of all children2 and are generally diagnosed 
more often in boys than in girls.3 The heritability of NDDs is high4-6 and a 
shared genetic liability has been reported across disorders.7-9 The distribution 
of NDDs is considered to be dimensional rather than categorical.10-13 Thus, a 
clinical diagnosis of NDD is, in most instances, considered to represent the 
extreme end of the dimensional distribution. Today, it is widely acknowledged 
that co-occurrence of NDDs is high (i.e., the presence of one NDD predicts the 
presence of another, which has been described as the rule rather than the 
exception).2 In the case of ASD, studies using both clinical and population-
based samples have reported that 70%–95% of the children with ASD have at 
least one additional diagnosis. The substantial rate of co-occurrence also 
includes other well-known psychiatric disorders (e.g., anxiety and 
depression).14-20  

The term Early Symptomatic Syndromes Eliciting Neurodevelopmental 
Clinical Examinations, or ESSENCE for short, was created by Professor 
Christopher Gillberg to emphasize the symptomatic overlap between disorders. 
Gillberg emphasizes the need for a holistic perspective and multidisciplinary 
assessment in order to provide interventions that address the specific needs of 
each child and family. Therefore, children who show impairing symptoms 
before the age of five in one or more of the following areas – general 
development, communication and language, social inter-relatedness, motor 
coordination, attention, activity, behavior, mood, or sleep – should be referred 
to a multidisciplinary team.2  



INTRODUCTION 

2 

When a child presents with impairing symptoms, concerns are commonly 
expressed by parents or by professionals (e.g., during a mandatory 
developmental check-up or in a school setting). In a primary care setting, an 
initial visit may include a short clinical interview and observation followed by 
the use of screening instruments. By utilizing broad-band screening 
instruments, several relevant aspects of a child’s development can be assessed 
which may assist in the referral process by highlighting different areas of 
deficit and impairment that are in need of further clinical investigation. There 
may be various aspects to a diagnostic assessment of NDDs based on the 
reason for the referral. There are numerous guidelines that generally 
recommend multidisciplinary teams and that the diagnostic process potentially 
include developmental and psychiatric history, physical examination, 
assessment through interaction and observation, diagnostic instruments and/or 
rating scales, assessment of the child’s need and impairments in different 
settings, psychological testing, and consideration of any possible coexisting 
disorders.21-28  

1.1.1 DEFINITION OF DISORDERS  

Although this thesis focuses mainly on ASD, it also encompasses disorders 
that commonly overlap with ASD during childhood and adolescence: ADHD, 
learning disorders (LDs), DCD, TD, and the following psychiatric disorders: 
opposition defiant disorder (ODD), conduct disorder (CD), obsessive 
compulsive disorder (OCD), and eating disorders (EDs). A brief description 
according to the DSM-51 of the disorders included are presented here, with the 
exception of ASD, which is discussed extensively in this thesis and is therefore 
presented under a separate heading below.   

The diagnostic features of ADHD include symptoms of inattention, 
hyperactivity, and impulsivity. Inattention is defined by difficulties with 
sustained attention, organization of tasks and activities, avoidance of tasks that 
require mental effort, and being easily distracted and absentminded. 
Hyperactivity is characterized by excessive motor activity which may be 
manifested by fidgeting, tapping and difficulties with being still or playing 
calmly. Impulsivity can be described as acting without thinking and includes 
difficulties waiting one’s turn and intrusion on other people’s conversations or 
activities. Furthermore, symptom presentation should be inconsistent with 
developmental level and have a negative impact on development or daily 
functioning in various settings.1 The prevalence of ADHD among children and 
adolescents has been reported as 7.2%.29 A diagnosis of ADHD commonly 
overlaps with ASD, TD, ODD, and/or CD.30,31 Additionally, ADHD is 
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associated with an increased risk for anxiety, depression, substance use 
disorder, antisocial behavior, and criminality.32-36 

A diagnosis of ID (in this thesis the abbreviation LD (i.e., learning disorder) 
encompasses ID) is based on deficits in intellectual and adaptive functioning. 
A diagnosis of ID is partly based on standardized testing of IQ, and a diagnosis 
of ID is indicated according to its category of severity: mild, moderate, severe, 
or profound via IQ scores ranging from 50-70, 35-49, 20-34 and below 20 
respectively. Deficits in adaptive functioning refer to difficulties in meeting 
socio-cultural standards of personal independence and social responsibility. 
Support in everyday life is required in order to compensate for deficits in 
adaptive functioning. However, one’s need for support can vary greatly and 
depends on the severity of symptoms.1 The prevalence of ID is reported at 
around 1%37 and ID commonly co-occurs with other NDDs (e.g., ASD38 and 
ADHD39,40), and medical conditions such as cerebral palsy41 and epilepsy.42 A 
co-occurring diagnosis of ID is important to consider since it may affect the 
individual’s outcome and prognosis.1  

The diagnostic features of DCD include deficits in motor coordination 
inconsistent with expectations for the chronological age. The achievement of 
developmental milestones (e.g., crawling and walking) may be delayed. 
Additionally, there may be difficulties such as clumsiness and slow and/or 
inaccurate execution of movement (e.g., dropping things, bumping into 
objects, imprecise and/or slow handwriting, difficulty using zippers and 
cutlery, and participating in sports). A requirement for a diagnosis of DCD is 
that deficits in motor coordination significantly hinder and impair daily life.1 
Prevalence has been reported as 5%.43 Even though DCD can co-occur with 
several NDDs, such as ASD or a specific learning disorder (e.g., difficulty 
writing or reading), a considerable co-occurrence of approximately 50% has 
been reported with ADHD.44-46 In the long term, individuals with DCD are at 
increased risk of educational underachievement47 and mental health problems 
(e.g., depression48 and anxiety49).  
 
The diagnostic criteria for TD include both motor and vocal tics. Tics are 
unexpected, fast and frequent motor movements or vocalizations that are 
involuntary, although tics can be suppressed to some extent by the individual. 
The variety of tics is considerable, but common symptoms include eye-
blinking or throat clearing, and complex TD may include the imitation of 
movements or the repetition of words or phrases. Tourette’s disorder is a 
subtype of TD defined by severe motor and vocal tics. A diagnosis of TD 
requires persistent symptoms of at least one year’s duration and onset before 
18 years of age. In most cases, TDs are temporary.1 The prevalence of TDs 
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was reported as 6.6% in a Swedish study of children aged 7–15 years50 and the 
reported prevalence of Tourette’s disorder is 1%.51 Co-occurrence with ADHD 
and OCD is considerable; about 60% of individuals with Tourette’s disorder 
have a diagnosis of ADHD and 27% have a diagnosis of OCD.52  

The diagnostic features of ODD or CD include problems with the self-control 
of behavior and emotions. ODD is characterized by irritable moods that can be 
manifested in the recurrent and/or persistent loss of temper, easily being 
annoyed or angry, and resentfulness. Defiant behavior includes frequent 
arguments with adults or authority figures, refusal to comply with rules or 
requests, knowingly annoying other people, blaming other persons for one’s 
own mistakes, and being spiteful or vindictive. A diagnosis of ODD also 
requires symptoms to be present for at least six months. CD is characterized 
by a more severe problem constellation and is often preceded by ODD. The 
symptomatology of CD includes aggression towards people and animals, 
destruction of property, deceitful behavior, and theft or the violation of rules 
(e.g., running away from home).1 The prevalence of ODD and CD varies 
extensively, with approximate estimates ranging from 2% to 10%.53-56 ADHD 
commonly co-occurs with both ODD and CD.32,57 Longitudinal studies have 
reported an increased risk of lower academic achievement, anxiety, depression, 
substance use, criminality, and for suicide attempts among individuals 
diagnosed with ODD and/or CD.58-62      

A diagnosis of OCD is typically based on the presence of time-consuming 
obsessions or compulsions. Obsessions are persistent, frequent and intrusive 
thoughts, images, or urges. Compulsions are behaviors or mental acts that an 
individual is compelled to perform, often as a response to an obsession, in order 
to feel calm or reduce distress. The content of OCD varies extensively, but 
common themes include fear of contamination, washing of hands, forbidden 
thoughts (e.g., sexuality, aggression), fear of doing harm to oneself or others, 
and a need for symmetry.1 Lifetime prevalence has been estimated as 1%.63 
The mean age of early onset of OCD has been reported as approximately 11–
13 years, while the mean age of late onset is around 23–25 years.64,65   

The main characteristics of an ED are eating disturbances or eating-related 
behavior which turns into a preoccupation with food or another consumption 
pattern that causes a significant impairment in everyday life. In DSM-5, pica 
(eating nonnutritive and/or nonfood substances), rumination disorder 
(recurring vomiting of food), avoidant/restrictive food intake disorder (limited 
eating that leads to weight loss and nutritional deficiency), anorexia nervosa 
(restricted energy intake that turns into significant low body weight), bulimia 
nervosa (binge eating in combination with compensatory behavior (e.g., 
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vomiting)), and binge-eating disorder (excessive intake of food) have been 
included under the heading for feeding and eating disorders.1 The lifetime 
prevalence of any ED is 8.4% among women and 2.2% among men.66 
Compared to the general population, ED symptomatology has been reported 
as more common among individuals with NDDs.67 In particular, considerable 
overlap has been found between ASD or ADHD and EDs.68-71   

1.2 AUTISM SPECTRUM DISORDER 
1.2.1 A BRIEF HISTORICAL BACKGROUND  

Over a century ago, the Swiss psychiatrist Eugen Bleuler coined the term 
“autism” as a description of the withdrawal from reality in schizophrenic 
patients.72 For many years, ASD was considered to be a sub-type of 
schizophrenia and the term “childhood schizophrenia” was thus used to 
describe deficits in social communication.73  

In 1926, the child psychiatrist Grunya Efimovna Sukhareva published a paper 
based on the case studies of six boys with psychiatric problems. Sukhareva 
observed several distinct features that she subsumed under the term “schizoid 
(eccentric) psychopathy” (e.g., odd behavior, lack of facial expression, an 
unusual voice (nasal, hoarse or high pitch), difficulties with peers and 
superficial emotions). Later, Sukhareva replaced the term “schizoid (eccentric) 
psychopathy” with “autistic (pathological avoidant) psychopathy”. 
Sukhareva’s pioneering work was in German and Russian and has received 
increased attention since being translated into English in 1996.74 

The psychiatrist Leo Kanner is widely recognized for his work in the field of 
ASD. In 1943, nearly 20 years after Sukhareva, Kanner published the paper 
Autistic disturbances of affective contact, in which he wrote about his 
observations of eight boys and three girls and noted severe impairment in social 
interaction early in life, stereotyped movement, a desire for sameness and 
abnormal language (e.g., echolalia). Later, Kanner argued that the children’s 
symptoms were related to a lack of warmth from their parents. The 
development of the concept of ASD has also been influenced by the work of 
the pediatrician Hans Asperger, who described a group of four boys with high 
intelligence, good verbal skills, narrow interests and social difficulties.75 The 
work of Asperger was acknowledged and introduced to the scientific 
community by Lorna Wing in 1981.  
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During the 1970s, ASD began to be considered a separate condition that did 
not fit with descriptions of childhood schizophrenia. In 1978, Michael Rutter 
proposed a set of diagnostic criteria for childhood autism that included onset 
before 30 months of age and deviance in social development and language 
abilities, as well as insistence on sameness.75 As of writing, five editions 
(including the revised versions) of DSM have been published, each with 
definitions of ASD that both overlap and differ. 

1.2.2 AUTISM IN THE DIAGNOSTIC AND STATISTICAL 
MANUAL OF MENTAL DISORDERS  

Autism was defined as a distinct disorder, separate from childhood 
schizophrenia, for the first time in DSM-III, published in 1980. The diagnosis 
“infantile autism” was subsumed under the overarching term “pervasive 
developmental disorders” and the diagnostic criteria were greatly influenced 
by Rutter’s definition in 1978.75 In 1987, the diagnostic criteria were revised, 
and DSM-III-R used the term “autistic disorder” and added the broader 
diagnosis of “pervasive developmental disorder – not otherwise specified”, 
which included children who did not fully meet the required criteria for autistic 
disorder. Furthermore, the revision excluded the requirement of onset before 
30 months of age. A diagnosis of autistic disorder required that at least eight 
of the sixteen diagnostic criteria to be fulfilled. The diagnostic criteria were 
organized into three categories: qualitative impairments in social reciprocity 
and interaction, impairments in verbal and non-verbal communication and 
restricted activities and interests.76   

The fourth edition of DSM was published in 1994 and included autistic 
disorder, Asperger’s disorder, pervasive disorder not otherwise specified, 
childhood disintegrative disorder, and Rett’s disorder under the umbrella term 
of “pervasive developmental disorders”. A diagnosis of autistic disorder could 
be made when six of the twelve diagnostic criteria were fulfilled. The 
diagnostic criteria were organized into three categories: social interaction, 
social communication, and restrictive, repetitive, or stereotyped patterns of 
behavior. At least one of the fulfilled symptoms should have onset before the 
age of three.77  

The DSM-5 was published in May 2013 and its full diagnostic criteria are 
reproduced in Box 1. The latest edition includes several changes that should 
be acknowledged. First, ASD is described as a spectrum without subtypes in 
order to highlight the variability in symptom presentation.1 The diagnostic 
subtypes have been eliminated due to insufficient evidence of reliable 
distinctions.78 Instead, DSM-5 introduces specifiers (e.g., “ASD with or 
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without accompanying intellectual impairment”) that should be used to 
describe symptom presentation. Second, the three overarching features of 
impairment were replaced with two: deficits in social communication and 
social interaction, and restrictive, and repetitive behaviors, interests or 
activities. Third, sensory reactivity was for the first time added as a symptom 
of restrictive and repetitive behavior. Fourth, age at onset is not strictly 
specified; instead DSM-5 states that the deficits should have onset during early 
development and points out that the deficits may become manifest later in life 
when demands exceed capacities in an individual. Lastly, the diagnostic 
criteria include the statement that a diagnosis of ASD requires a clinically 
significant impairment in relevant areas of everyday life.1  
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Box 1: The diagnostic criteria for Autism Spectrum Disorder in DSM-5 without 
severity specifiers.1  

 
A. Persistent deficits in social communication and social interaction across 
multiple contexts, as manifested by the following, currently or by history 
(examples are illustrative, not exhaustive, see text): 

1. Deficits in social-emotional reciprocity, ranging, for example, from 
abnormal social approach and failure of normal back-and-forth 
conversation; to reduced sharing of interests, emotions, or affect; to 
failure to initiate or respond to social interactions. 

2. Deficits in nonverbal communicative behaviors used for social 
interaction, ranging, for example, from poorly integrated verbal and 
nonverbal communication; to abnormalities in eye contact and body 
language or deficits in understanding and use of gestures; to a total lack 
of facial expressions and nonverbal communication. 

3. Deficits in developing, maintaining, and understanding relationships, 
ranging, for example, from difficulties adjusting behavior to suit various 
social contexts; to difficulties in sharing imaginative play or in making 
friends; to absence of interest in peers. 

B. Restricted, repetitive patterns of behavior, interests, or activities, as 
manifested by at least two of the following, currently or by history (examples 
are illustrative, not exhaustive; see text): 

1. Stereotyped or repetitive motor movements, use of objects, or speech 
(e.g., simple motor stereotypies, lining up toys or flipping objects, 
echolalia, idiosyncratic phrases). 

2. Insistence on sameness, inflexible adherence to routines, or ritualized 
patterns or verbal nonverbal behavior (e.g., extreme distress at small 
changes, difficulties with transitions, rigid thinking patterns, greeting 
rituals, need to take same route or eat food every day). 

3. Highly restricted, fixated interests that are abnormal in intensity or focus 
(e.g, strong attachment to or preoccupation with unusual objects, 
excessively circumscribed or perseverative interest). 

4. Hyper- or hypo reactivity to sensory input or unusual interests in sensory 
aspects of the environment (e.g., apparent indifference to 
pain/temperature, adverse response to specific sounds or textures, 
excessive smelling or touching of objects, visual fascination with lights 
or movement) 
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C. Symptoms must be present in the early developmental period (but may 
not become fully manifest until social demands exceed limited capacities 
or may be masked by learned strategies in later life). 

D. Symptoms cause clinically significant impairment in social, 
occupational, or other important areas of current functioning. 

E. These disturbances are not better explained by intellectual disability 
(intellectual developmental disorder) or global developmental delay. 
Intellectual disability and autism spectrum disorder frequently co-occur; 
to make comorbid diagnoses of autism spectrum disorder and intellectual 
disability, social communication should be below that expected for general 
developmental level. 

Note: Individuals with a well-established DSM-IV diagnosis of autistic 
disorder, Asperger’s disorder, or pervasive developmental disorder not 
otherwise specified should be given the diagnosis of autism spectrum disorder. 
Individuals who have marked deficits in social communication, but whose 
symptoms do not otherwise meet criteria for autism spectrum disorder, should 
be evaluated for social (pragmatic) communication disorder. 

Specify if: 
• With or without accompanying intellectual impairment 
• With or without accompanying language impairment 
• Associated with another neurodevelopmental, mental, or 

behavioral disorder 
• With catatonia  
• Associated with a known medical or genetic condition or 

environmental factor 
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1.2.3 EPIDEMIOLOGY OF AUTISM 

In 1966, Victor Lotter published the first epidemiological study of autistic 
conditions in the United Kingdom and reported a prevalence of 0.04%.79 Since 
then, a substantial increase in the estimated prevalence of ASD has been 
reported. Over the past decade, a prevalence of approximately 1% has been 
widely accepted1,80-82 although several studies have reported higher estimates 
of prevalence in the range of 1.5%–3.0%.83-89 The reasons behind the rapid 
increase in the prevalence rate are likely multifactorial. To some extent, the 
rise in prevalence can be attributed to changes in and a broadening of the 
diagnostic criteria90,91 diagnostic substitution92,93 and access to support and 
services that require an official diagnosis of ASD.94,95 This notion has been 
supported in three studies from Sweden. A large population-based study 
reported a considerable increase in the number of registered diagnoses of ASD 
despite the level of ASD symptomatology being assessed as stable over the 
same time period.96 Similarly, a decrease in the number of ASD symptoms 
required for a clinical diagnosis has been reported.97 Furthermore, the notion 
of an association between the increase in prevalence and possible genetic or 
environmental changes was not supported in a population-based sample of 
nearly 38,000 twins.98   

A consistent finding in epidemiological studies of ASD is its preponderance in 
males. In DSM-5, a widely cited male-to-female ratio of 4:1 is reported.1 
However, the most recent meta-analytic study has reported a slightly lower 
ratio of 3:1.99 The male-to-female ratio is associated with intellectual 
functioning. A decrease in the male-to-female ratio has been reported in cases 
where ASD is accompanied by intellectual disability,100-102 while a substantial 
increase in the range of 8:1–10.8:1 has been reported for individuals without 
intellectual disability.103-105 However, two Nordic studies have reported a 
similar male-to-female ratio in the range of 1.7:1–2.3:1 for individuals 
diagnosed with ASD with or without intellectual disability,81,106 thus not 
supporting the suggested association between the male-to-female ratio and 
intellectual disability.   

A diagnosis of ASD is associated with a considerable health loss across the life 
span. A systematic review for the global burden of disease study in 2010 
reported a disability adjusted life years of 58 per 100 000 population for ASD 
(i.e. a measure of the number of years of life that are lost due to early death 
and years lived with an disability).107 
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1.2.4 AUTISM IN MALES AND FEMALES 

The preponderance of males with ASD has been present since ASD was first 
described by Sukhareva, Kanner, and Asperger. The skewed ratio has received 
increased attention over the past decade, and several proposals have been made 
to partly explain the phenomenon. The findings range from biological 
differences to the diagnostic features of ASD and the possibility of a female 
autism phenotype.   

Etiology  
The skewed sex ratio can to some extent be explained by a female protective 
effect. According to the multifactorial model of disease transmission, the 
genetic liability of ASD is dimensionally distributed in the population. 
However, males and females are subjected to different thresholds of liability 
and a higher threshold is required for females in order to meet the diagnostic 
criteria for ASD.108,109 This notion has been examined in twin and familial 
studies which hypothesize that female probands (i.e., the affected individuals 
in a family that are being studied) carry a higher genetic load than male 
probands. Therefore, the effect of familial transmission would generate a 
higher genetic load in the relatives of female proband.110 The results of two 
large population-based twin samples showed a higher level of ASD traits 
among siblings of autistic females than among siblings of autistic males111 
Similarly, higher recurrence rates have been reported among siblings of female 
probands than among siblings of male probands.112 A study of multiplex 
families (i.e., families with more than one individual diagnosed with ASD) 
have examined genetic liability across sex in respect of social communication 
and repetitive behavior. Higher levels of repetitive behavior were found among 
males in families with an affected female than in families without affected 
females. Thus, a higher genetic liability for females has been suggested with 
regard to repetitive behavior, whereas no differences have been found with 
regard to social communication.113 Additional support for the female protective 
effect comes from molecular studies, in which an increased etiological burden 
has been reported for females. More deleterious autosomal copy-number 
variants have been found in females with ASD alongside slightly more 
deleterious single-nucleotide variants (i.e., a greater quantity of genetic “hits” 
are required to push females over the diagnostic threshold).114-117 However, it 
should be mentioned that the notion of a female protective effect has been 
contested in several studies, which have reported no association between the 
recurrence rate and the sex of the proband.118-121 Furthermore, a recent 
epidemiological study has reported similar levels of relative risk for ASD 
among the male and female offspring of individuals with a sibling diagnosed 
with ASD.122  
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In 2002, the British researcher Baron-Cohen proposed the extreme male brain 
theory. According to this theory, sex differences can be understood through 
two dimensions: empathizing and systemizing. The male brain is characterized 
by a significantly better ability to systemize than to empathize and the opposite 
cognitive pattern is representative of the female brain. Both dimensions are 
considered to be continuous, and ASD is hypothesized as being represented at 
the extreme end of the distribution of the cognitive profile of males.123,124 It has 
been argued that the key biological mechanism behind the differences in 
cognitive profiles is elevated levels of fetal testosterone that affect the structure 
of the developing brain.125-128 However, the association between testosterone 
and cognitive empathy in men was not confirmed in two randomized control 
trials.129   

Diagnostic features of ASD 
There is a growing concern that the identification of females with ASD is 
obscured by diagnostic criteria that have been developed and standardized 
based upon observations in predominantly male samples.130 This becomes 
evident in the field trials for DSM-IV, which included a sample of 454 
individuals with an ASD diagnosis and in which the male-to-female ratio was 
reported to be 4.5:1.131 Females are, on average, diagnosed at a later age than 
boys.132-135 Two large population studies compared males and females with 
comparable levels of ASD traits and showed that males were more likely to be 
diagnosed with ASD.136,137 Thus, additional behavioral and emotional 
problems, or a concurrent intellectual disability, appear to be required in 
females in order to cross the diagnostic threshold,133,136,138 possibly because it 
is a more noticeable cause for referral. The identification of females with ASD 
may also be obscured by symptoms of secondary conditions such as anxiety, 
depression, anorexia nervosa, or OCD.139,140 Moreover, it has been argued that 
the socialization process puts different demands and expectations on males and 
females, which may generate an interpretation bias.141,142 Therefore, a female 
may be considered to be “just shy” while a male with the same level of 
impairment in social interaction is perceived as unresponsive.141 An alternative 
hypothesis is that females with a more “male” or “traditional” manifestation of 
ASD are recognized and diagnosed at an earlier age, while females that present 
with a different manifestation of ASD are identified later in life.110 
Furthermore, parents have reported higher levels of social difficulty among 
males during childhood while an increase in social difficulties is reported for 
females during adolescence. Thus, parents may not be able to identify the more 
subtle deficits in social interaction in females until these become evident 
during early and mid-adolescence, when social interactions become more 
complex and demanding.143 
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The ‘female autism phenotype’  
In recent years, evidence has emerged in support of the notion of a female 
autism phenotype, being a qualitatively different, or less pronounced, 
phenotypical manifestation of ASD. In an empirical study, females with ASD 
exhibited better abilities in terms of reciprocal conversation, sharing of 
interests, integration of verbal and nonverbal behavior, imagination, initiation 
of friendships, and adjustment of behavior according to the situation.144 
Furthermore, several studies have reported lower levels of restricted and 
repetitive behaviors in females.145-150 However, it has been suggested that 
females with ASD present with interests that are more socially acceptable (e.g., 
people, animals,110 pop/rock groups, soap operas,151 books and arts/crafts152) or 
appear to be random (e.g., stickers or pen collections) than the fixated interests 
in males144 (e.g., transport, technology, math/science, dinosaurs and science 
fiction152). The intensity and functional impairment of narrow interests may be 
overlooked if the content is gender-typical, which may explain why females 
generally receive lower scores on widely used clinical instruments (e.g., the 
Autism Diagnostic Interview–Revised, Autism Diagnostic Observation 
Schedule and Social Responsiveness Scale.153  

In recent years, the concept of “camouflaging” has attracted widespread 
attention. Camouflaging refers to the use of different coping strategies to 
appear socially competent or to hide (i.e., “mask”) behavior and difficulties 
associated with ASD.154 Coping strategies may include imitation of social 
behavior, facial expressions or gestures, making eye contact, use of learned or 
pre-prepared phrases or jokes, and learning to follow social scripts.155 
Camouflaging is more common in autistic females without an intellectual 
disability156-158 and it has been argued that camouflaging contributes to the 
delayed diagnosis and under identification of ASD in females.159,160 
Furthermore, camouflaging is demanding for the individual and several studies 
have reported adverse outcomes (i.e., exhaustion, change in self-perception 
(i.e., not being true to oneself), depression, stress, anxiety, and suicidal    
risk).154,157,161,162 However, it has been suggested that camouflaging is more 
related to social anxiety and, importantly, that camouflaging is a consequence 
of ASD (and possibly other disorders) and should therefore not be viewed as 
an inherent part of the ASD phenotype.163 
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1.3 SCREENING INSTRUMENTS FOR 
NEURODEVELOPMENTAL DISORDERS 

Screening instruments can be used as a brief and structured/systematic method 
of identifying individuals who acknowledge problems and symptoms that may 
indicate the presence of a disorder.164 The benefits of using structured 
screening instruments include minimized variability in item presentation and 
the coverage of relevant areas of the disorder/s of interest.165 The World Health 
Organization describes screening as a rough sorting process in order to identify 
individuals who have a higher risk for a health problem. A positive screening 
result does not indicate the presence of a disorder but the increased likelihood 
of one. In clinical practice, a positive screening result should be followed by a 
referral for further assessment in order to identify true cases who should be 
offered information and early intervention in order to achieve a better health 
outcome. Nonetheless, the usage of screening instruments must be balanced 
against the cost of over referrals and under identification, as well as the 
possible worry and harm for the individual.166 

A screening instrument should be selected according to the purpose of the 
assessment. Broad-band screening instruments are intended to deal with 
several disorders or certain aspects of disorders (e.g., developmental domains 
such as motor skills, concentration etc.) and may be valuable during the initial 
assessment in order to capture a wider range of the symptomatology that is 
present. Narrow-band screening instruments are intended to capture a single 
developmental domain or a specific disorder.164 The choice of screening 
instrument should be informed by the instrument’s reported reliability and 
validity and by the sample characteristics during evaluation since estimates 
may differ across settings.167 Furthermore, the screening process may include 
assessment by different informants (e.g., self report, parent report, or teacher 
report). In the case of NDDs, the usage of different informants is likely to 
generate a high degree of variation in ratings, which may be valuable in order 
to capture the behavior and deficits of a child in different settings.168 This 
notion was supported in a population-based sample of children where the 
Autism Spectrum Screening Questionnaire was utilized, and in which there 
was a low level of agreement between parent and teacher reports, which most 
likely was associated with their different situational contexts.169   
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1.4 FUNDAMENTAL ASPECTS OF 
PSYCHOLOGICAL ASSESSMENT  

Psychometrics can be defined as the science of psychological assessment. The 
different forms of assessment all share the same overarching aims: to be 
accurate and able to capture a given construct, and to provide a measurement 
capable of generating scores which can be interpreted meaningfully and which 
are free of bias.170 In 1999, a revision of the Standards for Educational and 
Psychological Testing, henceforth referred to as the Standards, was published, 
which provides a contemporary perspective on the gold standard of testing 
practice and qualitative evaluation of tests. The Standards were developed by 
the American Educational Research Association, the American Psychological 
Association, and the National Council on Measurement in Education. The 
Standards emphasize three fundamental aspects of psychological testing: 
validity, reliability, and fairness in testing.171  

1.4.1 VALIDITY 
A crucial, or perhaps the most fundamental, aspect of the psychometric quality 
of an instrument is validity. The most basic definitions of validity often state 
that it is the degree of an instrument’s ability to measure the construct that it is 
supposed to measure.172 Over the years, several definitions of validity have 
been suggested, but the contemporary perspective of validity is based on the 
interpretation of test scores (i.e., the proposed use of test scores). The latest 
edition of the Standards states that the validity of an instrument is based upon 
the degree of evidence that supports the given interpretation of test scores. 
Therefore, validity is not considered to be a property of an instrument; instead 
validation is concerned with the evaluation of test score interpretations.171 Test 
score interpretations should be based on empirical evidence and theory. It is 
important to keep in mind that test score interpretations can be valid to different 
degrees; they cannot be minimized as either valid or invalid.172  

Validity evidence can be gathered from five sources: (a) test content (i.e., items 
should adequately represent the construct of interest); (b) response processes 
(e.g., it examines whether the response process of an observer who rates the 
performance of a test taker matches the proposed interpretation of test scores); 
(c) internal structure (i.e., it examines the relationship between the items and 
the proposed construct and test score (e.g., factor analysis)); (d) relations to 
other variables (i.e., it examines how the scores from an instrument relate to 
other relevant variables (e.g., convergent validity (examination of the 
relationship between two instruments designed to measure similar constructs) 
or test-criterion validity (the relationship between test score and a criterion 
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(e.g., a specific outcome or disorder))); and (e) consequences of testing, 
including both intended and unintended consequences of the interpretation of 
test scores (e.g., a test should not disadvantage any sub-group of test takers).171  

1.4.2 RELIABILITY 
Reliability, or precision, of a measurement is broadly defined in the Standards 
as score consistency across different parts of the testing procedure. A higher 
degree of reliability is warranted in situations where the test score 
interpretation is related to decisions or consequences for test takers. In practice, 
reliability can be assessed in different ways depending on the measurement 
theory and model used.171 

The conceptual framework of reliability has traditionally been based on 
principles from classical test theory (CTT). In CTT, the theory of measurement 
is based on three fundamental components: observed score, true score, and 
measurement error. The observed score represents the score that is obtained by 
a measurement, and the true score represent the real amount of the measured 
construct. Measurement error represents other factors that contribute to 
inconsistency between the observed score and the true score. In CTT, 
reliability can be described as the degree of variance in the observed scores 
that is accounted for by the measured construct.172 CTT offers several ways of 
estimating reliability, a common way being to include an estimation of the 
internal consistency in an instrument which is generally calculated by 
Cronbach’s alpha. Inter-item correlations are used to estimate the degree of 
homogeneity in a test. Cronbach’s alpha can be increased by adding more items 
or better (i.e., highly correlated) items to a scale.173 One common way of 
improving reliability is by adding more items.171  

Item and response theory (IRT), or modern test theory, provides an alternative 
way of gaining reliability. There are similarities between CTT and IRT. Both 
perspectives require that the items in a test to be unidimensional (i.e., the items 
should measure the same construct). CTT and IRT acknowledge that item 
variance arises from differences in the measured construct and from error. The 
error of measurement is presented as a single term in CTT. In IRT, the 
characteristics of each item can be examined. Therefore, CTT commonly refers 
to the reliability of the whole instrument, whereas IRT allows for examining 
the reliability of each item. Reliability can be gained for a test developed under 
IRT by selecting the items that best capture a specific range of the continuum 
of the measured construct, with a high degree of precision and a minimal 
amount of measurement error.173  
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1.4.3 FAIRNESS 
The latest edition of the Standards has recognized fairness as a fundamental 
part of validity. The definition of fairness is broad: the same construct should 
be measured in the intended population and the interpretation of scores should 
have the same meaning for all test takers. Measurement bias is a risk to fairness 
that may occur when a specific subgroup (e.g., females) has a different 
probability of giving a correct or affirmative response to an item. This is 
commonly examined by way of differential item functioning (DIF) analysis.171  

1.5 THE AUTISM–TICS, ADHD AND OTHER 
COMORBIDITIES INVENTORY 

The Autism–Tics, ADHD and other Comorbidities inventory (A–TAC) was 
developed at the Department of Child and Adolescent Psychiatry, a precursor 
of the Gillberg Neuropsychiatry Centre, at the University of Gothenburg, 
Sweden. Originally, the A–TAC was designed as part of the Child and 
Adolescent Twin Study in Sweden (CATSS), a large-scale longitudinal study. 
There was a need for an easy-to-administer interview that could be carried out 
by laymen over the phone. The aim was to design a dimensional and 
comprehensive interview that covered NDDs as well as commonly overlapping 
problem areas or disorders in child and adolescent psychiatry.174  

The items in the A–TAC were formulated to encompass the symptom criteria 
included in the DSM-IV77 definition of NDDs (ASD, ADHD, DCD, TD, and 
LD). Items for “other” psychiatric disorders were based on a selection of the 
symptom criteria in DSM-IV77 (eating disorders, ODD, CD, depression, 
separation anxiety, and psychosis).174 Furthermore, additional items were 
phrased to cover symptoms listed in the Gillberg and Gillberg algorithm for 
Asperger syndrome175 and to capture relevant facets included in other 
questionnaires such as the Autism Spectrum Screening Questionnaire,176 the 
Asperger Syndrome Diagnostic Interview,177 and the Five-to-Fifteen 
questionnaire.178  

Development of the A–TAC 
A preliminary version of the A–TAC, which included 178 items, was 
developed and evaluated before CATSS was launched. Hansson et al. 
performed the first validation study, which was based on telephone interviews 
with parents of children who were patients at the Child Neuropsychiatric Clinic 
in Gothenburg (84 subjects) and a control group (27 subjects). The age range 
of the included subjects was 7–18 years, and two medical students unaware of 
the child’s status conducted the interviews. In short, the diagnostic domains 
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(e.g., a specific outcome or disorder))); and (e) consequences of testing, 
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generally showed excellent inter-rater agreement and test–retest reliability was 
good to excellent. Receiver operating characteristic curves (ROC) were 
calculated in order to estimate validity using the area under the curve (AUC), 
which indicates how well an instrument can distinguish between cases and 
non-cases. The results showed excellent predictive ability for ADHD (AUC 
0.91), good predictive ability for ASD (0.88) and TD (0.84), and fair predictive 
ability for LD (0.74), and DCD (0.71). However, other child psychiatric 
disorders included in the A–TAC were not included in the preliminary 
validation study as too few children had received diagnoses of OCD or ED, for 
instance.179  

Based on the results of the first validation study, additional items were included 
with the aim of improving specificity, and new modules were developed in 
order to capture overlapping symptoms. The second version of the A–TAC 
consisted of 327 items, and was used in a pilot study of CATSS, which 
included 736 subjects (aged 9 or 12). The internal consistency (i.e., Cronbach’s 
alpha) was calculated for the different modules in order to guide the reduction 
of items. For the final version of A–TAC, items that yielded inconsistent 
answers or reduced the internal consistency within a module were removed. 
However, in the case of ASD and ADHD, all items that were based on the 
DSM-IV criteria were included in the screening algorithms without 
consideration of their psychometric properties.174  

The final version of the A-TAC consists of 264 items, 96 of which are “gate” 
items intended to be used for screening and to provide proxies for clinical 
diagnoses. The 96 gate items also correspond to the version of the A–TAC 
included in Papers I–IV. The gate items are organized into 20 theoretically 
defined modules. Each module, or in some instances two or three, corresponds 
to a diagnostic domain (the ASD domain comprises the modules on language, 
social interaction, and flexibility, and the ADHD domain comprises the 
modules on concentration and attention, and impulsiveness and activity). The 
remaining items “under the gate” can be used to get a more detailed description 
of the problems/symptoms described in a module: these tap into more specific 
symptoms and should be asked only if the gate item is partly or fully endorsed 
and an additional 72 items (four items per module, excluding the miscellaneous 
module) address psychosocial dysfunction and subjective suffering in 
connection with the problems addressed in the specific module, as well as age 
at onset and a final item regarding whether the problems are present or in 
remission. Two of the items, “psychosocial dysfunction” and “subjective 
suffering”, can be used to calculate a problem load score for the corresponding 
module.180 An overview of the structure in A –TAC is given in Table 1. 
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Each module in the A–TAC begins with the following statement: “The 
essential aspect of each question is whether the problem/peculiarity has been 
pronounced compared to peers during any period of life.” This is to remind the 
respondent to assess the items within a whole-life context. The modules are 
assessed without taking diagnostic hierarchies or exclusion criteria into 
account. All items are coded on a dimensional scale with three response 
categories: “Yes” scored as 1, “Yes, to some extent” scored as 0.5 and “No” 
scored as 0. A module is assessed as missing if three or more items receive a 
response of “Do not know” or “Do not want to respond”.180 

Previous validations of the final version of A–TAC 
The A–TAC has been validated in a cross-sectional study in which three 
different samples have been used: a clinical sample with 91 subjects on a 
waiting list for neuropsychiatric assessment (71 boys, 20 girls, age range 6 to 
19 years), a control group with 366 subjects from CATSS without any reported 
psychiatric diagnoses (181 boys, 185 girls, aged 9 or 12), and a community-
recruited sample of 319 subjects in CATSS whose parents have reported one 
or more psychiatric diagnoses (230 boys, 89 girls, aged 9 or 12). The 
psychometric properties of ASD, ADHD, TD, DCD, and LD previously 
reported in Hansson et al. were replicated, and only small differences between 
boys and girls were reported. Furthermore, the 96 gate items showed a high 
degree of specificity and the addition of a sum score from the total scale (i.e., 
of 264 items) did not improve the specificity values to a significant extent. 
Thus, the 96 gate items are sufficient to capture a clinical diagnosis for an 
individual, and additional items may be used to collect valuable clinical 
information. Finally, cut-off values were established: a “low” cut-off value for 
screening purposes with high sensitivity and for certain domains a “high” cut-
off value with high specificity that can be considered a clinical proxy in 
epidemiological settings.180  
 
An independent research group in Spain has validated the ASD domain in the 
A–TAC. The group’s sample included 140 subjects (60 boys, 80 girls, age 
range 6–16). The ASD domain showed a high degree of internal consistency 
(Cronbach’s alpha = 0.93), and the AUC for the group with ASD was reported 
to be excellent (0.96).181 

The construct validity of the A–TAC has been examined for convergent 
validity with the Child Behavior Checklist. A sample was retrieved from 
CATSS and included 106 subjects (94 boys, 118 girls) whose parents had 
participated in the A–TAC interview and responded to the Child Behavior 
Checklist questionnaires. The result indicated mostly moderate correlations 
between related subscales in the A–TAC and the Child Behavior Checklist.182  



INTRODUCTION 

18 

generally showed excellent inter-rater agreement and test–retest reliability was 
good to excellent. Receiver operating characteristic curves (ROC) were 
calculated in order to estimate validity using the area under the curve (AUC), 
which indicates how well an instrument can distinguish between cases and 
non-cases. The results showed excellent predictive ability for ADHD (AUC 
0.91), good predictive ability for ASD (0.88) and TD (0.84), and fair predictive 
ability for LD (0.74), and DCD (0.71). However, other child psychiatric 
disorders included in the A–TAC were not included in the preliminary 
validation study as too few children had received diagnoses of OCD or ED, for 
instance.179  

Based on the results of the first validation study, additional items were included 
with the aim of improving specificity, and new modules were developed in 
order to capture overlapping symptoms. The second version of the A–TAC 
consisted of 327 items, and was used in a pilot study of CATSS, which 
included 736 subjects (aged 9 or 12). The internal consistency (i.e., Cronbach’s 
alpha) was calculated for the different modules in order to guide the reduction 
of items. For the final version of A–TAC, items that yielded inconsistent 
answers or reduced the internal consistency within a module were removed. 
However, in the case of ASD and ADHD, all items that were based on the 
DSM-IV criteria were included in the screening algorithms without 
consideration of their psychometric properties.174  

The final version of the A-TAC consists of 264 items, 96 of which are “gate” 
items intended to be used for screening and to provide proxies for clinical 
diagnoses. The 96 gate items also correspond to the version of the A–TAC 
included in Papers I–IV. The gate items are organized into 20 theoretically 
defined modules. Each module, or in some instances two or three, corresponds 
to a diagnostic domain (the ASD domain comprises the modules on language, 
social interaction, and flexibility, and the ADHD domain comprises the 
modules on concentration and attention, and impulsiveness and activity). The 
remaining items “under the gate” can be used to get a more detailed description 
of the problems/symptoms described in a module: these tap into more specific 
symptoms and should be asked only if the gate item is partly or fully endorsed 
and an additional 72 items (four items per module, excluding the miscellaneous 
module) address psychosocial dysfunction and subjective suffering in 
connection with the problems addressed in the specific module, as well as age 
at onset and a final item regarding whether the problems are present or in 
remission. Two of the items, “psychosocial dysfunction” and “subjective 
suffering”, can be used to calculate a problem load score for the corresponding 
module.180 An overview of the structure in A –TAC is given in Table 1. 

  INTRODUCTION  

19 

Each module in the A–TAC begins with the following statement: “The 
essential aspect of each question is whether the problem/peculiarity has been 
pronounced compared to peers during any period of life.” This is to remind the 
respondent to assess the items within a whole-life context. The modules are 
assessed without taking diagnostic hierarchies or exclusion criteria into 
account. All items are coded on a dimensional scale with three response 
categories: “Yes” scored as 1, “Yes, to some extent” scored as 0.5 and “No” 
scored as 0. A module is assessed as missing if three or more items receive a 
response of “Do not know” or “Do not want to respond”.180 

Previous validations of the final version of A–TAC 
The A–TAC has been validated in a cross-sectional study in which three 
different samples have been used: a clinical sample with 91 subjects on a 
waiting list for neuropsychiatric assessment (71 boys, 20 girls, age range 6 to 
19 years), a control group with 366 subjects from CATSS without any reported 
psychiatric diagnoses (181 boys, 185 girls, aged 9 or 12), and a community-
recruited sample of 319 subjects in CATSS whose parents have reported one 
or more psychiatric diagnoses (230 boys, 89 girls, aged 9 or 12). The 
psychometric properties of ASD, ADHD, TD, DCD, and LD previously 
reported in Hansson et al. were replicated, and only small differences between 
boys and girls were reported. Furthermore, the 96 gate items showed a high 
degree of specificity and the addition of a sum score from the total scale (i.e., 
of 264 items) did not improve the specificity values to a significant extent. 
Thus, the 96 gate items are sufficient to capture a clinical diagnosis for an 
individual, and additional items may be used to collect valuable clinical 
information. Finally, cut-off values were established: a “low” cut-off value for 
screening purposes with high sensitivity and for certain domains a “high” cut-
off value with high specificity that can be considered a clinical proxy in 
epidemiological settings.180  
 
An independent research group in Spain has validated the ASD domain in the 
A–TAC. The group’s sample included 140 subjects (60 boys, 80 girls, age 
range 6–16). The ASD domain showed a high degree of internal consistency 
(Cronbach’s alpha = 0.93), and the AUC for the group with ASD was reported 
to be excellent (0.96).181 

The construct validity of the A–TAC has been examined for convergent 
validity with the Child Behavior Checklist. A sample was retrieved from 
CATSS and included 106 subjects (94 boys, 118 girls) whose parents had 
participated in the A–TAC interview and responded to the Child Behavior 
Checklist questionnaires. The result indicated mostly moderate correlations 
between related subscales in the A–TAC and the Child Behavior Checklist.182  



INTRODUCTION 

20 

The test–retest reliability of the A–TAC has been examined in a sample with 
400 subjects from CATSS. The interviews were conducted by laymen and, on 
average, there were ten weeks between interviews. The results showed good 
intra-rater and inter-rater reliability. Excellent test–retest intraclass 
correlations were reported for ASD and ADHD, although agreement (Cohen’s 
κ) varied between slight and substantial for most of the other domains.183  

Lastly, one longitudinal study has been conducted with a sample which 
included a subset of 452 subjects from CATSS (aged 9 or 12). A 
comprehensive clinical follow-up study was conducted at age 15 of twins who 
screened positive at age 9 or 12 (144 boys, 103 girls), together with their co-
twin (88 boys, 69 girls), and healthy controls who were randomly selected (30 
boys, 16 girls). The results showed excellent predictive properties for ASD 
(AUC = 0.91), although the result was only fair for ADHD (0.77), LD (0.80) 
and TD (0.79).184  
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Table 1. Overview of A–TAC modules and corresponding diagnostic 
domain, giving number of gate items and number of additional items, 
with number of items addressing dysfunction and suffering provided in 
brackets.  

A–TAC module Domain Gate 
items 

Additional 
items 

A. Motor Control DCDc 1 4 (4) 
B. Perception DAMPb,c 5 5 (4) 
C. Concentration & Attention ADHDc 9 2 (4) 
D. Impulsiveness & Activity ADHDc 10 1 (4) 
E. Learning LD 3 6 (4) 
F. Planning & Organizing 
Tasks 

Supplement  2 5 (4) 

G. Memory Supplement  3 8 (4) 
H. Language ASD 6 9 (4) 
I. Social Interaction  ASD 6 15 (4) 
J. Flexibility ASD 5 0 (4) 
K. Tics TD 3 1 (4) 
L. Compulsions OCD 2 0 (4) 
M. Feeding Eating disorder 2 6 (4) 
N. Separation Anxiety 5  3 (4) 
O. Opposition ODD 6  5 (4) 
P. Conduct CD 4  13 (4) 
Q. Anxiety Anxiety 3  3 (4) 
R. Mood Depression/Bipolar 5  8 (4) 
S. Concept of reality Psychosis 1  2 (4) 
T. Miscellaneousa Supplement 15  0 (0) 
Total    96  168 

Note:  
a Clinically specific problem areas include sleep, food fads, severe 
overweight, bodily functions and substance abuse.  
b DAMP is an acronym for “Deficits in Attention, Motor Control, and 
Perceptual Abilities.” DAMP is not a diagnostic category in the DSM but a 
well-known sub-type of concomitant deficits that has been used in clinical 
practice in Scandinavia for many years.185  
c In the A–TAC, the modules “Motor Control”, “Perception”, 
“Concentration & Attention” and “Impulsiveness & Activity” comprise the 
DAMP domain. 
The table is adapted from Larson 2013.186
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1.6 STUDY RATIONALES 
1.6.1 PAPER I 
The substantial co-occurrence of NDDs and other psychiatric disorders 
highlight the need for a comprehensive perspective during both screening and 
diagnostic assessments. However, the number of broad-band screening 
instruments within the field of NDDs is limited. The A–TAC may be 
considered a well-validated and viable option for screening both in clinical 
practice and in research settings, however some issues remain to be addressed. 
First, only a limited number of individuals were involved in the longitudinal 
validation study (i.e., the clinical examination included only 20 cases of ASD 
and 23 cases of LD).184 Second, the previous validation studies did not include 
ODD and CD due to the low prevalence in the studied sample, and there is a 
risk of disorders such as ODD and CD being underrepresented in clinical 
studies. For this reason, the cut-off values for ODD and CD were established 
on the basis of a sample of institutionalized adolescents in combination with a 
control group from CATSS.187 Third, the longitudinal validation study was 
based on clinical follow-up at age 15. However, the initial age of onset for EDs 
varies, occurring between 10 and 20 years of age,188 which shows the need to 
establish the predictive validity in a follow-up study in older groups. Lastly, 
the ecological validity of the A–TAC may not have been sufficiently captured 
in previous studies, as there may be differences in the symptomatology and 
impairment of participants and non-participants. Thus, the remaining issues 
related to the validity of the A–TAC need to be examined in a larger sample 
with follow-up when that sample is older. 

1.6.2 PAPER II 
Screening instruments are widely used in both research and clinical settings in 
order to gather information about the symptomatology of an individual. In the 
case of ASD, numerous screening instruments are available of different lengths 
and abilities to capture the manifestation of ASD in different age groups. The 
ASD domain in the A–TAC includes 17 items; the other widely used screening 
instruments include 23 items (Modified Checklist for Autism in Toddlers189), 
27 items (Autism Spectrum Screening Questionnaire176), 40 items (Social 
Communication Questionnaire190), and 65 items (Social Responsiveness 
Scale191). These instruments may be considered brief and reliable, but the 
response burden may nonetheless be excessive and time-consuming. IRT 
allows all items in an instrument to be examined in order to identify items with 
maximal precision. By using the advantages of IRT, it may be possible to 
develop a short and reliable screening instrument for ASD with a minimal 
response burden. A reliable short form for ASD could be an asset in 
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epidemiological studies and also enhance the likelihood of early identification 
of individuals who present with symptoms of ASD.  

1.6.3 PAPER III 
The skewed male–female ratio in ASD is likely due to multiple factors. It has 
been argued that the diagnostic threshold is higher for females (i.e., females 
need to manifest more symptoms or additional problems in order to receive an 
ASD diagnosis136,138). A large-scale study reported greater impairment in 
females diagnosed with ASD than in males, including greater deficits in social 
communication, lower cognitive and language abilities, lower adaptive 
function and further additional problems with externalizing behavior, albeit 
with less restricted interest.147 At the same time, several studies based on 
samples from the general population have reported lower mean scores for 
females using established instruments, including Social Responsiveness     
Scale,12,192 Autism Spectrum Screening Questionnaire,169,193 Social 
Communication Questionnaire,194 and the  Childhood Autism Spectrum 
Test.195 Additionally, it has been suggested that the available screening 
instruments may be better at detecting a male manifestation of ASD,130 and 
thus not fully capture a female representation of ASD. Taken together, it is 
possible that females with ASD represent a more extreme end of the 
distribution of ASD traits than do males with ASD and it is uncertain whether 
this is an artefact of norms collapsed over sex. 

1.6.4 PAPER IV 
There is a growing concern that existing screening and diagnostic instruments 
are more prone to capture a male manifestation of ASD.130,142,196 Previous 
studies on sex differences in ASD have shown that males with ASD present 
with higher levels of repetitive and restrictive behavior.145-150 Furthermore, a 
meta-analysis has reported comparable deficits in social communication for 
males and females with ASD,146 while other studies have shown that females 
with ASD tend to have more,147,194 or possibly subtler,197,198 deficits in social 
communication. Many instruments today are based on diagnostic criteria that 
have been tested in predominantly male samples, which may indicate that 
scores and items cannot be compared uncritically across sex. Therefore, it is 
essential to examine ASD instruments for item-level measurement equivalence 
(or invariance), which would indicate that an item measures the same construct 
(i.e., ASD) across sex. Additionally, an investigation of item-level 
measurement equivalence would further inform possible differences across sex 
and indicate whether some items are better at capturing ASD in males or 
females. 
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2 AIM 
This thesis is based on four papers and specifically aims to:  

I. establish the previous and predictive validity of the         
A–TAC by using a nation-wide sample of twins and 
registered diagnoses in the National Patient Register. 
 

II. determine the psychometric properties of each item in the 
ASD domain in the A–TAC by using item response 
theory and to construct and validate a short form of the 
ASD domain.  
 

III. compare males and females with regard to the degree of 
symptomatology of ASD, ADHD, LD, and ODD by 
using a sex-specific standardized score.  
 

IV. examine each item in the ASD domain in the A–TAC for 
differential item functioning and to evaluate whether a 
sub-set of items detects ASD better in males or females.  
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3 METHODS 

3.1 SUBJECTS 
3.1.1 THE CHILD AND ADOLESCENT TWIN STUDY IN 

SWEDEN  

The CATSS, initiated in 2004, is an ongoing nation-wide longitudinal twin 
study. The overall aim is to study somatic and mental health problems in 
childhood and adolescence. The data collection emanates from the Swedish 
Twin Registry at Karolinska Institutet. The parents of all twins born in Sweden 
as of July 1, 1992, have been contacted and invited to participate in a telephone 
interview in connection with the twins’ ninth birthday. In addition, the first 
three years of CATSS also included 12-year-old twins (born between July 1992 
and June 1995). These age groups were chosen because most NDDs and child 
psychiatric problems are established by this age, whereas other problems 
associated with puberty and adolescence generally have not yet begun.174 The 
twins and their parents are invited to participate in follow-up studies at the age 
of 15, 18 and 24 (only self-report for twins). 

Since the beginning of CATSS, the A–TAC has been included as a telephone 
interview for parents. The overall response rate in CATSS is ≈ 70%199 and has 
declined over the years; the mother has been the informant in the majority of 
the interviews (87.5%). In an overview study of CATSS, systematic analyses 
revealed small differences between responders and non-responders. In the case 
of NDDs, a merge with the National Patient Register (NPR) showed that 0.84% 
of responders and 0.95% of non-responders had a registered diagnosis of ASD. 
The corresponding number for ADHD was 1.6% among responders compared 
to 2.1% among non-responders; for LD, the result was 0.99% versus 2.0%.174  

This thesis is based on A–TAC data from CATSS-9/12. Data was retrieved on 
four different occasions, thus, the sample size is different in each paper. For 
Paper I, data was extracted in July 2015 and the total sample included 25,828 
subjects. For Paper II, data was extracted in May 2018 and the total sample 
included 30,898 subjects. For Paper III, data was extracted in December 2017 
and the total sample included 30,392 subjects. For Paper IV, data was extracted 
in April 2020 and the total sample included 34,033 subjects.   
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3.1.2 THE NATIONAL PATIENT REGISTER 

The NPR is authorized by the National Board of Health and Welfare 
(Socialstyrelsen), a government agency in Sweden. The NPR was established 
in 1964 with the aim of collecting information on inpatient care at public 
hospitals. Since 1987, the NPR has encompassed all inpatient care in Sweden 
and the participation of all county councils has been mandatory. In 2001, 
specialized outpatient care (e.g., psychiatric outpatient care and habilitation 
units) was incorporated, including both public and private caregivers. The NPR 
includes information regarding doctoral visits only within specialized care and 
does not include primary care visits. The medical data in the NPR includes the 
diagnostic codes of assigned diagnoses according to the International 
Classification of Diseases (ICD).200 In clinical practice in Sweden, it is 
customary to assign a diagnosis according to the prevailing DSM manual. 
Therefore, a DSM diagnosis is “translated” into the corresponding ICD code. 

The coverage of the NPR is monitored annually. During the registration year, 
2019, the main diagnosis was missing for 1% of doctoral visits in inpatient care 
and for 2.8% in specialized outpatient care.201 The level of underreporting is 
generally considered to be low as regards inpatient care, while the quality and 
coverage in respect of specialized outpatient care have improved since 
beginning in 2001. In the first few years, roughly 25%–30% of registered 
doctoral visits in specialized outpatient care did not include the code of the 
main diagnosis.200  
  
The validity of the NPR has been examined in different diagnostic categories. 
In the case of ASD, Idring et al. were able to confirm 96% of the assigned ASD 
diagnoses in the NPR and other medical registers by examining medical 
records.81 Similarly, a high level of validity, with a positive predictive value in 
the range of 81%–97%, has been reported for TD, OCD,202 social                
anxiety disorder,203 bipolar disorder,204 personality disorders,205 and 
schizophrenia206,207 in the NPR.  

Diagnostic data was retrieved by linking the subjects in CATSS to the NPR 
and searching for relevant ICD-9208 and ICD-10209 codes. It is possible to merge 
data across registers thanks to the personal identification number that is given 
to all individuals born in Sweden or in connection with the acquisition of 
Swedish citizenship. An individual’s personal identification number is 
recorded in every case of contact with governing bodies in Sweden and is 
therefore included with patient data in the NPR200. The diagnostic codes 
retrieved are reported in Table 2. 
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Table 2. Overview of diagnostic codes retrieved from the National 
Patient Register. 

Disorder ICD-9 ICD-10 
ASD 299.0,a 299.8, 299.9 F84.0, F84.1, F84.5, F84.8,b F84.9 

ADHD  314 F90 
LD  317–319 F70–F79 
DCD  315.4 F82 
TD 307.2 F95 
ODD  313.8 F91.3 
CD 312 F91, excluding F91.3 
OCD  300.3 F42 
ED  307.1 307.50, 307.51 F50 

Note: 
a Only 299.0 was retrieved for Paper III and Paper IV.   
b F84.8 was excluded in Paper I and Paper II.  

3.2 MEASURES 
3.2.1 THE AUTISM–TICS, ADHD AND OTHER 

COMORBIDITIES INVENTORY 
 
As described in the introduction, the A–TAC has been included in CATSS 
since its beginning in 2004. Interviews are conducted over the telephone by 
laymen from a professional company (Intervjubolaget) who have received a 
brief introduction to child and adolescent psychiatry and research 
methodology. The data is collected through a computerized version of the      
A–TAC inventory in which responses are entered directly into a database. The 
A–TAC is an open access instrument and can be downloaded in Swedish or 
English from the Gillberg Neuropsychiatry Centre website.210 It is also 
available as an appendix in this thesis.  
 
In Table 3, the established cut-off values for several diagnostic domains in the 
A–TAC are presented. These have been constructed with the sum score from 
the gate items. These are replicated in Paper I, and the ASD domain is 
examined in Paper II and Paper IV. For ASD, ADHD, LD, and DCD, a low 
(screening) and a high (clinical proxy) cut-off value have been established. The 
diagnostic domains of TD, ODD, CD, OCD, and ED have a single 
corresponding cut-off value.   
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Table 3. Overview of the diagnostic domains included from the A–TAC, 
number of gate items and cut-off values used for each paper. 

Paper Diagnostic 
domain 

No. of gate 
items Cut-off value 

   Gate  Gate – Low Gate – High 
I–IV ASD 17  4.5 a 8.5 a 
I, III ADHD 19  6 a 12.5 a 
I, III LD 3  1 a 3 a 
I DCD 1  0.5 a 1 a 
I TD 3 1.5 a   
I, III ODD 6 3 b   
I CD 4 2 b   
I OCD 2 1 c   
I ED 2 1 c   

Note: 
a Larson, et al.180  
b Kerekes et al.187 

c Mårland et al.211  
 
In Paper II and Paper IV, each item in the ASD domain is examined in depth. 
The 17 items that correspond to the ASD domain are therefore reproduced in 
Table 4.
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Table 4. The 17 items included in the ASD domain in the A–TAC.210 

The essential aspect of each question is 
whether the problems/characteristics has 
been pronounced compared to peers during 
any period of life.  

     Yes 
Yes, to 
some 
extent 

    No 

H. Language    
H34 Was his/her language development  

delayed or doesn’t he/she speak at all? 
□  □  □  

H35 Does he/she have difficulties sustaining 
a conversation? 

□  □  □  
H36 Does he/she like to repeat words and 

expressions or does he/she use words in 
a way that other people find strange? 

□  □  □  

H37 Does he/she have difficulties with 
games of make-believe or does he/she 
imitate others considerably less than 
other children? 

□  □  □  

H38 Does he/she talk in too high a pitch or 
too quietly? 

□  □  □  
H39 Does he/she have difficulties keeping 

“on track” when telling other people 
something? 

□  □  □  

I. Social interaction    
I40 Does he/she have difficulties expressing 

emotions and reactions with facial 
gestures, prosody, or body language? 

□  □  □  

I41 Does he/she exhibit considerable 
difficulties interacting with peers? 

□  □  □  
I42 Is he/she uninterested in sharing joy, 

interests, and activities with others? 
□  □  □  

I43 Can he/she only be with other people on 
his/her terms? 

□  □  □  
I44 Does he/she have difficulties behaving 

as expected by peers? 
□  □  □  

I45 Do other people easily influence 
him/her? 

□  □  □  
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J. Flexibility    
J46 Does he/she get absorbed by his/her 

interests in such a way as being 
repetitive or too intense? 

□  □  □  

J47 Does he/she get absorbed by routines in 
such a way as to produce problems for 
him/herself or others? 

□  □  □  

J48 Has he/she ever engaged in strange hand 
movements or toe-walking when he/she 
was happy or upset? 

□  □  □  

J49 Does he/she get obsessed with details? □  □  □  
J50 Does he/she dislike changes in daily 

routines? 
□  □  □  

Note.  
Reproduced from the A–TAC with some amendments. 
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3.3 STATISTICAL ANALYSES 
All the statistical analyses included in each of the papers are presented in Table 
5. The statistical calculations were performed in SPSS (Paper I and Paper II: 
version 22.0, Paper IV: version 27.0), STATA (Paper II: version 15, Paper IV: 
version 16) and SAS (Paper III: version 9.3).  

Table 5. Overview of the statistical methods used in each paper. 

Statistical Analyses I II III IV 
Diagnostic Accuracy     
     Sensitivity and specificity x x  x 
     Predictive values x x   
     Receiver operating characteristic curve x x  x 
     Diagnostic odds ratio x x   
Comparisons Between Groups     
     Standardized scores    x  
     Linear regression   x  
Item Response Theory     
     Graded response model  x   
Unidimensionality     
     Exploratory factor analysis  x  x 
Differential Item Functioning     
     Two-parameter logistic model    x 
     Likelihood ratio test    x 
     Akaike information criterion    x 
     Bayesian information criterion    x 

 

3.3.1 DIAGNOSTIC ACCURACY (PAPER I, II & IV) 
 
Sensitivity and specificity 
The overall aim of screening is to sort individuals who most likely have 
problems or symptoms related to a specific disorder from those who most 
likely do not have problems or symptoms related to a specific disorder.164 The 
accuracy of a screening instrument can be examined by calculating its 
sensitivity and specificity, which are considered to be fixed properties of a test 
and therefore not affected by the prevalence of a disorder in the population.212 

Sensitivity is defined as the proportion of individuals with a disorder who have 
received a positive screening result (i.e., a score equal to or higher than the cut-
off value). Specificity is defined as the proportion of individuals without a 
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disorder who have received a negative screening result (i.e., a score below the 
cut-off value).164 When a binary classifier is used, the result from a screening 
instrument can produce four possible outcomes. The result can be classified as 
a true positive (a correct prediction of a disorder), a true negative (a correct 
prediction of the absence of a disorder), a false positive (an incorrect prediction 
of a disorder) or a false negative (an incorrect prediction of the absence of a 
disorder). The four possible outcomes can be visualized in a 2 x 2 table (see 
Table 6).212  

Table 6. The four possible combinations of the presence or absence of a 
disorder and a positive or negative result from a screening instrument.  

 Disorder is present Disorder is absent 

Positive screening result True positive (TP) False positive (FP) 

Negative screening result False negative (FN) True negatives (TN) 

 
Sensitivity and specificity are calculated using the 2 x 2 table according to the 
following formulae: 
Sensitivity = TP/TP+FN 
Specificity = TN/FP+TN 

In Paper I, Paper II, and Paper IV, the sensitivity and specificity values were 
derived from the ROC curves as described below.  

Predictive values 
Calculations of sensitivity and specificity are based on knowledge of the 
presence or absence of a disorder. However, this is rarely the case in real-world 
settings; therefore, predictive values are calculated in order to get an estimate 
of the probability of the presence or absence of a disorder. The positive 
predictive value (PPV) is defined as the probability of the presence of a 
disorder given a positive screening result. The negative predictive value (NPV) 
is defined as the probability of the absence of a disorder given a negative 
screening result.164 The PPV and NPV are dependent on the prevalence of the 
disorder in the population used for the calculations. If the prevalence is high, 
the PPV will be high. Conversely, if the prevalence is low, the NPV will be 
high.212  
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The PPV and NPV can be calculated from Table 6 according to the following 
formulae: 

PPV = TP/TP+FP 
NPV = TN/FN+TN 
 
Calculations of PPV and NPV were used only in Paper I and Paper II.  
 
Receiver Operating Characteristics Curve 
Use of the receiver operating characteristics curves dates to World War II and 
the development of radar. The methods used to separate signals from noise 
were refined during the 1950s to create signal detection theory. This 
methodology turned out to be highly useful in the medical field, where the 
signal represents the presence of a disease or disorder, while the noise 
represents findings that can be misinterpreted as a true signal (i.e., a disease or 
disorder).213  
 
The performance of a screening instrument can be evaluated by calculating 
ROC curves, which are generated by plotting the true positive rate (i.e., 
sensitivity) on the Y-axis against the false positive rate (i.e., 1 – the specificity) 
on the X-axis for various cut-off values on a continuous scale. Thus, ROC 
curves can be used to derive sensitivity and specificity values for different cut-
off values and signal the tradeoff between sensitivity and specificity (an 
increase in sensitivity will in most cases lead to a decrease in specificity and 
vice versa).213  
 
The area under the curve (AUC, see Figure 1) is used as a measurement of an 
instrument’s ability to discriminate between two groups. The AUC is defined 
as the probability of a randomly selected subject with a disorder receiving a 
higher score on a test than a randomly selected subject without a disorder.214  
A perfect instrument would have an AUC of 1.0 and the ROC curve would go 
straight up to the top of the Y-axis and then sharply turn right and proceed 
horizontally. If the instrument is not better than a random prediction, the AUC 
would be 0.5 and the ROC curve would be a straight diagonal line. The 
predictive ability of an instrument can be categorized according to the AUC, 
where AUC = 0.5 suggests random prediction, 0.60 < AUC 0.70 suggests poor 
validity, 0.70 < AUC suggests 0.80 fair validity, 0.80 < AUC 0.90 suggests 
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The A–TAC domains were used as independent predictors and the registered 
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disorder who have received a negative screening result (i.e., a score below the 
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Table 6).212  

Table 6. The four possible combinations of the presence or absence of a 
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 Disorder is present Disorder is absent 
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Negative screening result False negative (FN) True negatives (TN) 

 
Sensitivity and specificity are calculated using the 2 x 2 table according to the 
following formulae: 
Sensitivity = TP/TP+FN 
Specificity = TN/FP+TN 
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screening result.164 The PPV and NPV are dependent on the prevalence of the 
disorder in the population used for the calculations. If the prevalence is high, 
the PPV will be high. Conversely, if the prevalence is low, the NPV will be 
high.212  
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The PPV and NPV can be calculated from Table 6 according to the following 
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NPV = TN/FN+TN 
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diagnoses in the NPR were used as dependent variables. In all of the papers, 
the age at diagnosis was taken into account and the results are reported in three 
different groups: previous (a registered diagnosis in the NPR before or the 
same year as the A–TAC interview), predictive (a registered diagnosis in the 
NPR after the A–TAC interview) and total (i.e., the total sample without 
consideration of age at diagnosis). In Paper II and Paper IV, the calculations 
were conducted in a specific validation sample, which was obtained by way of 
a random split of the total sample.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Graphical illustration of three ROC curves with different AUC. 

 
Diagnostic Odds Ratio   
The diagnostic odds ratio (DOR) can be used as a measure of diagnostic 
accuracy. The DOR is defined as the ratio of the odds of a positive test for 
individuals with a disorder relative to the odds of a positive test for individuals 
without a disorder. The DOR value ranges from zero to infinity, a value of 1 
indicating that the instrument is not capable of discriminating between 
individuals with and without the disorder. Higher DOR values demonstrate an 
increased discriminatory test performance. The DOR depends not on the 
prevalence of the disorder but on the sensitivity and specificity of the 
instrument. Consequently, instruments with high sensitivity and specificity 
will produce a high DOR.216 
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The DOR can be calculated from Table 6 according to the following formulae: 

DOR = (TP/FN) / (FP/TN)  

Calculations of DOR were used only in Paper I and Paper II.  

3.3.2 COMPARISON BETWEEN GROUPS (PAPER III) 
 
Standardized scores 
Standardized scores, or z-scores, can be used to convert a distribution of 
observations into a distribution of z-scores with a mean of 0 and a standard 
deviation of 1. A z-score is obtained by subtracting the mean of the population 
from each individual observation and dividing the result by the standard 
deviation of the population. Standardized scores do not affect the relationship 
between variables.217  
 
In Paper III, standardized scores are used to compare males and females in 
respect of the degree of their ASD, ADHD, LD and ODD symptomatology.  

Linear regression  
Linear regression is widely used to model the relationship between an 
independent and a dependent variable by the fitting of a linear equation. The 
independent variable, or explanatory variable, is used to predict the dependent 
variable, or outcome (e.g., to what extent does sex affect the mean score).217  

In Paper III, four separate linear regressions were calculated using sex as the 
independent variable and mean scores from A–TAC domains (ASD, ADHD, 
LD, and ODD) as the dependent variable.  

3.3.3 ITEM RESPONSE THEORY (PAPER II & IV)  
 
IRT refers to a family of psychometric models that provide an alternative 
approach to CTT. IRT can be used to inform the development and refinement 
of instruments as well as to provide insights for the interpretation of a specific 
item or for the complete instrument. An IRT model requires that the response 
variance in an item is determined by an underlying latent trait.218 Stated 
differently, the probability of an individual giving a specific response to an 
item is determined by the individual’s level of the underlying latent trait that 
the item is assumed to measure.172 In Paper II and Paper IV, the underlying 
latent trait is based on the ASD domain and can be described in terms of the 
severity of ASD traits. 
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the item is assumed to measure.172 In Paper II and Paper IV, the underlying 
latent trait is based on the ASD domain and can be described in terms of the 
severity of ASD traits. 
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Graded Response Model 
The graded response model (GRM) is an IRT model for polytomous items (i.e., 
items with more than two response options). The performance of an item can 
be summarized in a boundary characteristic curve (BCC) (see Figure 2) that 
serves as a model of the relation between an individual’s response to an item 
and the underlying latent trait.218 The x-axis represents the level of theta (i.e., 
the underlying latent trait), which follows a normal distribution with a mean of 
0 and a standard deviation of 1. The y-axis represents the probability of an 
endorsement in each response category. The shape of a BCC is dependent on 
the item’s difficulty and discriminatory parameters.  
 
 

Figure 2. Hypothetical example of boundary characteristic curves based on 
cumulative probabilities for an instrument with three response categories (0, 1 
and 2) with different difficulty parameters. An individual with a theta (underlying 
latent trait) level of 2.37 has a 50% probability of responding 0 rather than a 
figure greater than or equal to 1, and a theta level of 3 is required to have a 50% 
probability of responding 0 or 1 rather than 2.   
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The difficulty parameter for an item can be described as the level of a trait an 
individual must possess in order to “pass” or affirm a specific response 
category. In other words, item difficulty, denoted as b, represents the location 
on the latent trait continuum at which an individual has a 0.5 probability of 
endorsing a specific response category or a higher category.219 Therefore, 
higher difficulty levels indicate that higher levels of a trait are required in order 
to have a 50% probability of giving an affirmative answer.172  

The discrimination parameter for an item can be described as the item’s ability 
to discriminate between individuals with high and low levels of a trait. The 
discrimination parameter, denoted as a, is related to the slope, or point of 
inflection, of the BCC at its difficulty value. A steeper slope signals a better 
discriminatory ability219.   

The GRM was used in order to estimate item difficulty and item discrimination 
for each item in the ASD domain in Paper II. A developmental sample was 
generated by way of a random split of the total sample in order to fit the GRM 
and obtain parameter estimates for each item in the ASD domain.  
 
The results from the GRM can also be used to plot an item information function 
(IIF). In short, an IIF is a graphical illustration of the relationship between the 
amount of information an item provides and the underlying latent trait (see 
Figure 3). An IIF is based on the item’s difficulty and the discrimination 
parameter: the difficulty parameter is mirrored at the peak of the IIF, while the 
steepness is dependent on the discrimination parameter.220 Furthermore, the IIF 
can be used to examine the precision of an item since the error of measurement 
is inversely proportional to the IIF. Thus, a high and narrow IIF mirrors the 
range of the underlying latent trait where the error of measurement is low and 
the precision is high.221 An examination of the IIF can be used to identify 
reliable items with high precision and minimal error of measurement. This 
procedure was used in Paper II and Paper IV. 

3.3.4 UNIDIMENSIONALITY (PAPER II & IV) 

A fundamental assumption in IRT is unidimensionality: a single underlying 
dimension should be able to account for the covariance among items. 
Exploratory factor analysis (EFA) is commonly used to examine the 
underlying structure of all items included in an instrument. The assumption of 
unidimensionality can be evaluated by examining the eigenvalues, scree plot, 
and item loadings on the first factor.222  
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dimension should be able to account for the covariance among items. 
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underlying structure of all items included in an instrument. The assumption of 
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Figure 3. A graphical illustration of an IIF. Thus, if an individual with a theta 
(i.e., underlying latent trait) in the range of the IIF responds to this item, the 
answer will provide useful information for estimating the individual’s theta. If an 
item is too easy or too difficult, or not discriminative, the answer will provide only 
a limited amount of information.  

In Paper II and Paper IV, unidimensionality was examined by way of an EFA 
with principal axis factoring and a promax rotation in order to take account of 
the correlation between items.217 Calculations were made in a small subset of 
the total sample in order to avoid capitalizing on chance. In Paper II, 
approximately 1% of the total sample was used. In Paper IV, the calculations 
were conducted for males and females separately in approximately 2% of the 
total sample of males or females.  

Calibration of IRT models requires that the items also demonstrate local 
independence. Technically, this assumption is included in the concept of 
unidimensionality and requires that no additional systematic covariance be 
found among the items. Local dependence may, for example, arise if a subset 
of items displays similar content, which could generate remarkably high slope 
estimates.222 In Paper II, items were examined for local dependence by way of 
an examination of the item parameters, particularly the discrimination 
parameter, from the GRM calibrations. 
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3.3.5 DIFFERENTIAL ITEM FUNCTIONING (PAPER IV)  

Investigations of DIF can inform the validity of an instrument and the 
establishment of measurement equivalence, or invariance, which indicates that 
the same construct is measured across groups (e.g., sex or ethnicity). Different 
statistical techniques or strategies can be used to detect DIF, a common way 
being to utilize the methods within the IRT framework. When DIF arises in an 
item, the response patterns are affected by both the underlying latent trait and 
a grouping variable, which will generate different item parameters across 
groups. Stated differently, DIF occurs when different subgroups (e.g., males 
and females) with the same level of an underlying trait have different 
probabilities of giving an affirmative response.172 An important aspect of DIF 
is that, to some extent, it must be systematic. Inconsistency in response patterns 
must affect almost all of the individuals in a sub-group in a predictable manner. 
Therefore, DIF should be understood at the group level.223  
 
A subgroup of individuals who are believed to have an advantage are, 
according to convention, categorized as the reference group, while the focal 
group consists of the possibly disadvantaged individuals. The simplest form of 
DIF arises when the reference group has an advantage over the entire 
continuum of the underlying latent trait. This is commonly referred to as 
uniform DIF, which becomes evident when the difficulty parameter is different 
across groups while the discrimination parameter is comparable (see         
Figure 4). A more complex form is non-uniform DIF, which arises when the 
advantage shifts in degree or direction along the theta (i.e., the underlying 
latent trait) continuum. The reference group may have a small advantage at the 
lower end of the theta continuum while the advantage is considerably higher 
at the extreme end of the same continuum. Non-uniform DIF can also arise 
when the reference and focal groups differ in both difficulty and 
discrimination. The focal group may have an advantage at one part of the theta 
continuum while the reference group may have a larger advantage at a higher 
level of the underlying latent trait.223  
 
An investigation of DIF within the IRT framework includes examining the 
potential difference in item difficulty and discrimination across groups. This 
can be accomplished by comparing two models: a constrained model in which 
the item parameters are constrained to be equal across groups and a DIF model 
in which item difficulty or item discrimination (or both) is allowed to differ 
across groups. In the next step, a likelihood ratio test (LRT) can be used to test 
the null hypothesis (i.e., that item difficulty or discrimination is invariant 
across groups). The LRT roughly follows the chi-square distribution and a 
significant result (p < 0.05) indicates a better fit for the model that assumes the  
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Figure 4. Graphical illustration of uniform DIF. The visible difference between 
the groups shows that a test taker from the reference group has a higher 
probability of giving an affirmative response than a test taker from the focal 
group with a comparable level of theta.  

 
DIF. Caution is needed in large samples as the LRT may be significant even 
when the difference across models is small. Therefore, LRT calculations are 
often accompanied by the Akaike information criterion (AIC) and the Bayesian 
information criterion (BIC). The AIC and BIC are used to compare models by 
introducing a penalty term for the increased complexity in a model (i.e., the 
number of parameters included in the models). The preferred model is the one 
associated with the lowest AIC and BIC values.224 According to Raftery, a 
difference in the BIC of 2 to 6 can be categorized as “weak” evidence for the 
model with a better fit, 6 to 10 as “positive” evidence and > 10 as “strong” 
evidence.225  
 
In Paper IV, each item in the ASD domain was examined for DIF across sex. 
A developmental sample was generated by way of a random split of the total 
sample, which was used to calibrate a two-parameter logistic model (2PL). A 
2PL model was used because the two higher response categories (i.e., “Yes, to 
some extent” and “Yes”) were collapsed into a single response category, thus 
developing a binary scale, since low response frequencies were reported for 
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some items. A 2PL model is comparable with a GRM, the difference lying in 
the number of response categories utilized. In Paper IV, the DIF analysis 
includes three different 2PL models that were calibrated utilizing the slope 
intercept parameterization. A constrained model (i.e., in which the slope and 
intercept were constrained to be equal across sex) was compared to a DIF 
difficulty model (allowing only the intercept to vary across sex) and a DIF 
discrimination model (allowing only the slope to vary across sex). DIF 
difficulty was considered the main focus of the analysis because the difference 
in the probability of giving an affirmative response may have more significant 
consequences during a screening process.  

3.4 ETHICAL CONSIDERATIONS 
All of the procedures used for this thesis comply with the Helsinki Declaration 
of 1975, as revised in 2008, and with relevant national regulations and 
guidelines for research. The participants were protected by informed consent 
and their confidentiality was ensured by research identification codes in the 
raw data files that precluded any linkage to individuals.  

The data collection in CATSS and the linkage to the NPR have received ethical 
approval from the Karolinska Institutet ethical review board (DNR 02-289) 
and from the Regional Ethical Review Board in Stockholm (DNR 2010/597-
31/1 and 2016/2135-31).  
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developing a binary scale, since low response frequencies were reported for 
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some items. A 2PL model is comparable with a GRM, the difference lying in 
the number of response categories utilized. In Paper IV, the DIF analysis 
includes three different 2PL models that were calibrated utilizing the slope 
intercept parameterization. A constrained model (i.e., in which the slope and 
intercept were constrained to be equal across sex) was compared to a DIF 
difficulty model (allowing only the intercept to vary across sex) and a DIF 
discrimination model (allowing only the slope to vary across sex). DIF 
difficulty was considered the main focus of the analysis because the difference 
in the probability of giving an affirmative response may have more significant 
consequences during a screening process.  

3.4 ETHICAL CONSIDERATIONS 
All of the procedures used for this thesis comply with the Helsinki Declaration 
of 1975, as revised in 2008, and with relevant national regulations and 
guidelines for research. The participants were protected by informed consent 
and their confidentiality was ensured by research identification codes in the 
raw data files that precluded any linkage to individuals.  

The data collection in CATSS and the linkage to the NPR have received ethical 
approval from the Karolinska Institutet ethical review board (DNR 02-289) 
and from the Regional Ethical Review Board in Stockholm (DNR 2010/597-
31/1 and 2016/2135-31).  
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4 RESULTS 

4.1 PAPER I: PREVIOUS AND PREDICTIVE 
VALIDITY  

The number of individuals with a registered diagnosis in the NPR are reported 
in Table 7 together with the number of individuals with a screen-positive result 
in the corresponding diagnostic domain of the A–TAC. Of the total sample, 
2.8% had a registered diagnosis of ADHD, 1.2% of ASD, and 1% of LD, while 
the remaining diagnoses included had a prevalence in the NPR of < 0.6%. Age 
at diagnosis was taken into account, which showed that a diagnosis of LD or 
DCD was commonly registered before the age of 9 or 12 years (i.e., before the 
A–TAC interview). The opposite pattern emerged for all other included 
diagnoses, and, for instance, a registered diagnosis of OCD or ED was more 
common after the age of 9 or 12 years (i.e., after the A–TAC interview).  
 
The previous and predictive validity for each diagnosis is reported in Table 8 
together with the results from the total sample (i.e., with no consideration taken 
of the age at diagnosis). The previous validity was good to excellent for most 
disorders (AUC 0.82–0.99), the exception being eating disorders, with fair 
validity (0.72). The specificity values were high (> 0.90), while the sensitivity 
values varied between 0.37 and 0.88. The predictive validity was excellent for 
LD (0.92) and several disorders showed good validity (ASD, ADHD, TD, and 
ODD). However, poor predictive validity was reported for DCD, CD, OCD, 
and ED (AUC < 0.70). The specificity values were high and ranged from 0.85 
to 0.99, while the sensitivity values were lower and ranged extensively, from 
0.10 to 0.89. Additionally, the same pattern of sensitivity/specificity emerged 
for the diagnoses with two cut-off values (i.e., ASD, ADHD, LD, and DCD). 
The “low” cut-off value (screening) had higher sensitivity, while the “high” 
cut-off value (clinical proxy) had higher sensitivity in both the previous and 
the predictive groups.  

The low prevalence of the disorders included resulted in low PPV values 
(0.01–0.22), while the NPV values were high (> 0.98) in both the previous and 
the predictive groups. The highest DOR value for each diagnosis was found in 
the previous group, the only exception being LD, which had the highest DOR 
in the predictive group. For ASD, ODD, CD, and OCD, the DOR values were 
> 100 in the previous group (calculations are presented in the supplementary 
material for Paper I).  
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The calculations for previous and predictive validity were also conducted in 
age-specific groups (i.e., nine-year-olds and twelve-year-olds). The ODD and 
OCD modules showed excellent previous validity for the 12-year-olds       
(AUC = 0.99) and the proposed cut-off values showed exceptional sensitivity 
(1.0) and specificity (0.97). For all other diagnoses, the age-specific 
calculations did not yield any considerable decrease or increase regarding the 
previous or predictive validity results (calculations are presented in the 
supplementary material for Paper I). 

Table 7. Individuals with a registered diagnosis in the NPR (N (%)) and 
screen-positives in the corresponding diagnostic domain of the A–TAC 
(N (%)).  

 Diagnosis in the NPR A-TAC 
Diagnosis Before After Total Cut-off Screen-positive 
ASD 127 (0.5) 171 (0.7) 298 (1.2) 4.5 924 (3.6) 
    8.5 266 (1.0) 
ADHD 231 (0.9) 492 (1.9) 723 (2.8) 6 2707 (10.5) 
    12.5 524 (2.0) 
LD 145 (0.6) 104 (0.4) 249 (1.0) 1 3961 (15.3) 
    3 428 (1.7) 
DCD 70 (0.3) 18 (0.1) 88 (0.3) 0.5 2050 (7.9) 
    1 469 (1.8) 
TD 41 (0.2) 47 (0.2) 88 (0.3) 1.5 847 (3.3) 
ODD 8 (0.0) 20 (0.1) 28 (0.1) 3 795 (3.1) 
CD 27 (0.1) 50 (0.2) 77 (0.3) 2 278 (1.1) 
OCDa 9 (0.0) 61 (0.2) 70 (0.3) 1 479 (1.9) 
EDa 32 (0.1) 127 (0.5) 159 (0.6) 1 1371 (5.4) 

Note:  
N = 25,828.  
The diagnoses in the NPR have been reported in three different groups: before 
(i.e., a registered diagnosis before or the same year as the A–TAC interview), 
after (i.e., a registered diagnosis after the A–TAC interview) and total (the 
before and after groups in collapsed fashion). The number of individuals with 
a gate score equal to or higher than the cut-off values is reported for each of 
the corresponding diagnostic domains in the A–TAC. 
a No previously established cut-off value. 
This table is reproduced with small amendments from Paper I. 
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4.2 PAPER II: DEVELOPMENT OF A BRIEF 
SCREENER FOR AUTISM  

Preliminary analysis: EFA 
The initial analysis of eigenvalues before rotation showed that the single factor 
solution explained 35.72% of the total variance. Five factors had eigenvalues 
over Kaiser’s criterion of 1 (eigenvalues: 6.07, 1.69, 1.3, 1.24 and 1.1) and an 
examination of the scree plot showed an inflection point that justified a single 
factor solution. In sum, the ASD domain was considered to be a reasonably 
unidimensional scale and we proceeded with the GRM.  

Item parameter estimates  
The item difficulty and discrimination and the corresponding standard error 
from the GRM are reported in Table 9. The discrimination parameter (a) 
ranged from 1.15 to 3.4. At the first threshold (b1 “Yes, to some extent”), the 
range of the difficulty parameter was 1.11 to 2.81, and the range at the second 
threshold (b2) was 2.32 to 3.57. The result indicates that a higher level of ASD 
traits (i.e., theta greater than 0) is required to get an affirmative response for 
any of the items in the ASD domain.  
 
Item selection 
The item selection for the short form was based on the examination of the item 
parameters and the IIFs (an example from the language module can be found 
in Figure 5). Both item I41 (“Does he/she exhibit considerable difficulties 
interacting with peers?”) and item I44 (“Does he/she have difficulties behaving 
as expected by peers?”) showed very high discrimination values which may 
indicate local dependence. Item I41 was therefore excluded as a candidate for 
the short from given the existence of both statistical and content similarities. 
The final candidates for the short form, with high and narrow IIFs, included 
item H35 from the language module, items I40 and I44 from the social 
interaction module and item J47 from the flexibility module.  

Validation of short form 
The previous and predictive validity of the short form are presented in Table 
10, which reports the AUC estimates with the sensitivity and specificity values 
for each possible scale step. The short form showed excellent previous validity 
(AUC = 0.95), while the predictive validity was fair (0.72). Two cut-offs were 
established: a low cut-off (> = 0.5) for screening with a high sensitivity but 
lower specificity and a higher cut-off (> = 1.5) as a clinical proxy for ASD.  

44



 
                                 RESULTS 

45 

4.2 PAPER II: DEVELOPMENT OF A BRIEF 
SCREENER FOR AUTISM  

Preliminary analysis: EFA 
The initial analysis of eigenvalues before rotation showed that the single factor 
solution explained 35.72% of the total variance. Five factors had eigenvalues 
over Kaiser’s criterion of 1 (eigenvalues: 6.07, 1.69, 1.3, 1.24 and 1.1) and an 
examination of the scree plot showed an inflection point that justified a single 
factor solution. In sum, the ASD domain was considered to be a reasonably 
unidimensional scale and we proceeded with the GRM.  

Item parameter estimates  
The item difficulty and discrimination and the corresponding standard error 
from the GRM are reported in Table 9. The discrimination parameter (a) 
ranged from 1.15 to 3.4. At the first threshold (b1 “Yes, to some extent”), the 
range of the difficulty parameter was 1.11 to 2.81, and the range at the second 
threshold (b2) was 2.32 to 3.57. The result indicates that a higher level of ASD 
traits (i.e., theta greater than 0) is required to get an affirmative response for 
any of the items in the ASD domain.  
 
Item selection 
The item selection for the short form was based on the examination of the item 
parameters and the IIFs (an example from the language module can be found 
in Figure 5). Both item I41 (“Does he/she exhibit considerable difficulties 
interacting with peers?”) and item I44 (“Does he/she have difficulties behaving 
as expected by peers?”) showed very high discrimination values which may 
indicate local dependence. Item I41 was therefore excluded as a candidate for 
the short from given the existence of both statistical and content similarities. 
The final candidates for the short form, with high and narrow IIFs, included 
item H35 from the language module, items I40 and I44 from the social 
interaction module and item J47 from the flexibility module.  

Validation of short form 
The previous and predictive validity of the short form are presented in Table 
10, which reports the AUC estimates with the sensitivity and specificity values 
for each possible scale step. The short form showed excellent previous validity 
(AUC = 0.95), while the predictive validity was fair (0.72). Two cut-offs were 
established: a low cut-off (> = 0.5) for screening with a high sensitivity but 
lower specificity and a higher cut-off (> = 1.5) as a clinical proxy for ASD.  



R
ES

U
LT

S 

46
 

Ta
bl

e 
9.

 It
em

 p
ar

am
et

er
 e

st
im

at
es

 a
nd

 st
an

da
rd

 e
rr

or
s f

ro
m

 th
e 

gr
ad

ed
 re

sp
on

se
 m

od
el

 in
 th

e 
   

   
   

   
   

   
de

ve
lo

pm
en

ta
l s

am
pl

e.
 

 
M

od
ul

e 
Ite

m
 

Ite
m

 c
on

te
nt

 
a 

SE
 

b 1
 

SE
 

b 2
 

SE
 

La
ng

ua
ge

 

H
34

 
de

la
ye

d 
la

ng
ua

ge
 d

ev
el

op
m

en
t?

 
1.

15
 

.0
4 

2.
45

 
.0

7 
2.

97
 

.0
9 

H
35

 
di

ff
ic

ul
tie

s s
us

ta
in

in
g 

a 
co

nv
er

sa
tio

n?
 

2.
54

 
.1

 
2.

28
 

.0
4 

2.
98

 
.0

6 

H
36

 
re

pe
at

 w
or

ds
 a

nd
 e

xp
re

ss
io

ns
 / 

us
e 

w
or

ds
 in

 a
 st

ra
ng

e 
w

ay
? 

2.
02

 
.0

7 
2.

16
 

.0
4 

2.
78

 
.0

6 

H
37

 
di

ff
ic

ul
tie

s w
ith

 g
am

es
 o

f 
m

ak
e-

be
lie

ve
 / 

le
ss

 im
ita

tio
n 

1.
96

 
.0

7 
2.

38
 

.0
5 

3.
0 

.0
7 

H
38

 
ta

lk
 in

 to
o 

hi
gh

 a
 p

itc
h 

or
 to

o 
qu

ie
tly

? 
1.

2 
.0

4 
2.

22
 

.0
6 

3.
57

 
.1

0 

H
39

 
di

ffi
cu

lti
es

 k
ee

pi
ng

 “
on

 tr
ac

k”
 

w
he

n 
te

lli
ng

 o
th

er
 p

eo
pl

e 
so

m
et

hi
ng

? 

1.
80

 
.0

5 
1.

74
 

.0
3 

2.
69

 
.0

6 

So
ci

al
 

In
te

ra
ct

io
n 

I4
0 

di
ff

ic
ul

tie
s e

xp
re

ss
in

g 
em

ot
io

ns
 a

nd
 r

ea
ct

io
ns

? 
2.

73
 

.1
2 

2.
44

 
.0

5 
3.

01
 

.0
7 

I4
1 

di
ff

ic
ul

tie
s i

nt
er

ac
tin

g 
w

ith
 

pe
er

s?
 

3.
29

 
.1

1 
1.

75
 

.0
2 

2.
39

 
.0

4 

I4
2 

un
in

te
re

st
ed

 in
 sh

ar
in

g 
jo

y,
 

in
te

re
st

s a
nd

 a
ct

iv
iti

es
? 

2.
36

 
.1

 
2.

52
 

.0
5 

3.
27

 
.0

8 

I4
3 

be
 w

ith
 o

th
er

 p
eo

pl
e 

on
 h

is
/h

er
 

te
rm

s?
 

 

2.
41

 
.0

7 
1.

83
 

.0
3 

2.
62

 
.0

5 

 
 

 
 

 
 

 
 

46



 
 

   
   

   
   

   
   

   
  

R
ES

U
LT

S 

47
 

I4
4 

di
ff

ic
ul

tie
s b

eh
av

in
g 

as
 

ex
pe

ct
ed

? 
3.

4 
.1

1 
1.

64
 

.0
2 

2.
42

 
.0

4 

I4
5 

ea
si

ly
 in

flu
en

ce
d 

by
 o

th
er

s?
 

1.
28

 
.0

3 
1.

11
 

.0
3 

2.
61

 
.0

6 

Fl
ex

ib
ili

ty
 

J4
6 

ab
so

rb
ed

 b
y 

in
te

re
st

s, 
re

pe
tit

iv
e 

or
 to

o 
in

te
ns

e?
 

1.
98

 
.0

6 
1.

62
 

.0
3 

2.
48

 
.0

5 

J4
7 

ab
so

rb
ed

 b
y 

ro
ut

in
es

? 
2.

64
 

.0
9 

2.
11

 
.0

3 
2.

81
 

.0
6 

J4
8 

st
ra

ng
e 

ha
nd

 m
ov

em
en

ts
/to

e-
w

al
ki

ng
? 

1.
46

 
.0

6 
2.

81
 

.0
8 

3.
31

 
.1

0 

J4
9 

ob
se

ss
ed

 w
ith

 d
et

ai
ls

? 
2.

32
 

.0
6 

1.
52

 
.0

2 
2.

41
 

.0
4 

J5
0 

di
sl

ik
e 

ch
an

ge
s i

n 
da

ily
 

ro
ut

in
es

? 
2.

13
 

.0
6 

1.
42

 
.0

2 
2.

32
 

.0
4 

N
ot

e:
  

a 
=

 it
em

 d
isc

rim
in

at
io

n,
 S

E 
=

 st
an

da
rd

 e
rr

or
, b

1 &
 b

2 =
 it

em
 d

iff
ic

ul
ty

.  
Th

e 
ta

bl
e 

is
 a

 re
pr

in
t f

ro
m

 P
ap

er
 II

 w
ith

 so
m

e 
am

en
dm

en
ts

. 

47



RESULTS 

48 

Figure 5. Item information functions from all of the items in the language module. 
Item H35 provided the highest IIF and was therefore selected as a candidate for 
the short form. In contrast, items H34 and H38 did not yield a substantial amount 
of information.  

Table 10. Previous and predictive validity of the ASD domain short form 

 Previous Predictive Total 
AUC .95 .72 .81 
Scale step sens/spec sens/spec sens/spec 
0.5 .949/.899 .519/.898 .681/.902 
1 .782/.964 .349/.963 .512/.967 
1.5 .654/.984 .248/.983 .401/.986 
2 .50/.99 .155/.989 .285/.992 
2.5 .372/.995 .07/.994 .184/.995 
3 .295/.997 .039/.996 .135/.997 
3.5 .128/.999 .016/.998 .058/.999 
4 .09/.999 .008/.999 .039/1.0 

Note:  
N = 15,490. Previous and predictive validity: area under the curve (AUC) and 
sensitivity/specificity.  
The table is reproduced with minor amendments from Paper II.  
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4.3 PAPER III: A SEX-SPECIFIC COMPARISON  
The population means for boys were consistently higher than for girls in all of 
the included domains (see Table 11). 

Table 11. Population means of the 30,392 individuals.   

Raw mean score (95%) confidence intervals for the entire population  
 ♂ ♀ 
ASD  .99 (.96–1.02) .62 (.59–.64) 
ADHD 2.49 (2.44–2.55) 1.58 (1.53–1.62) 
LD .31 (.30–.33) .25 (.24–.27) 
ODD .51 (.50–.53) .39 (.37–.40) 

Note: The table is reproduced from Paper III.  

The mean raw and standardized scores from each A–TAC domain are reported 
for males and females with an ASD diagnosis in Table 12 together with the 
linear regression estimates. Males diagnosed with ASD had significantly 
higher raw mean scores in the ASD and ADHD domains, while no significant 
difference was found in the LD and ODD domains. The opposite pattern 
emerged when standardized scores were used; females diagnosed with ASD 
consistently received higher standardized scores, however only statistically 
significant in the ODD domain. In the ASD domain, females had a mean 
standardized score of 3.23, while the corresponding result for males was 2.75. 
Thus, when males and females with an ASD diagnosis are compared against a 
standardized and sex-specific mean value, the females’ scores were 0.48 
standardized scores above the sex-specific mean value of the boys.  
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Figure 5. Item information functions from all of the items in the language module. 
Item H35 provided the highest IIF and was therefore selected as a candidate for 
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4.4 PAPER IV: MEASUREMENT OF AUTISM IN 
MALES AND FEMALES 

Preliminary analyses: EFA 
The initial analysis from the EFA in the male and female sample showed a 
sufficiently unidimensional scale. The examination of eigenvalues, before 
extraction and rotation, showed that a single factor solution in the male sample 
explained 33.80% of the total variance (first five eigenvalues: 5.75, 1.67, 1.22, 
1.17, and 1.04). The corresponding examination in the female sample showed 
that a single factor solution explained 23.36% of the total variance (first six 
eigenvalues: 3.97, 1.72, 1.29, 1.30, 1.03, and 1.02). The scree plots were 
examined, which sufficiently supported the one factor solution for both males 
and females.  
 
Differential item functioning 
The parameter estimates from the DIF difficulty model are presented in Table 
13 together with the results from the DIF analysis with LRT, AIC, and BIC 
(i.e., the comparison with the constrained model). The initial analysis with 
LRT flagged eight items with DIF: H34, H37, and J146 favored males, while 
H38, H39, I43, J47, and J49 favored females. When the AIC and BIC values 
were examined, six items were flagged with DIF. Items H34, H37, and J46 
showed significant DIF in favor of males; in other words, given comparable 
levels of ASD traits, males still have a higher probability of giving an 
affirmative response than females In contrast, significant DIF in favor of 
females is reported for items H38, H39, and I43. The AIC and BIC values 
showed a better fit of the constrained model for items J47 and J49 (i.e., no 
significant level of DIF). A graphical illustration of DIF in items H38 and J46 
is presented in Figure 6 and Figure 7. 
 
The DIF analysis with LRT, AIC and BIC for the DIF discrimination model 
yielded similar results. The initial analysis with LRT flagged the same eight 
items with DIF as did the DIF difficulty model. The examination of AIC and 
BIC indicated significant DIF in three items: item J46 had better discriminatory 
ability among males, while items H38 and I43 had better discriminatory ability 
among females (calculations are presented in a separate table in paper IV).   
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Figure 6. Item characteristic curves for males and females in item H38, which 
show significant DIF in favor of females.   

Figure 7. Item characteristic curves for males and females in item J46, which 
show significant DIF in favor of males. 
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Item selection: male and female short form 
Six items showed narrow and moderately high to high IIFs at the higher end of 
the continuum of ASD traits: H35, I40, I41, I44, J47, and J49. Four of these 
items (H35, I40, I44, and J47) are included in the short form that was 
developed in Paper II.226    
 
The results from the DIF analysis and the examination of IIFs were used to 
develop separate male and female short forms that might have the potential to 
better detect ASD in males and females. The four items in the previously 
established short form showed no DIF and high IIFs. Therefore, these items 
served as the foundation for both the male and female short form. The male 
short form also included the three items with DIF in favor of males (H34, H37, 
and J46), while the female short form included the three items with DIF in 
favor of females (H38, H39, and I43).  
 
Validation 
The AUC values for the ASD domain, previously established short form, male 
short form and female short form are reported in Table 14. Previous validity 
was excellent for both males and females (AUC = 0.93–0.98) in all versions of 
the ASD domain, whereas the corresponding predictive validity was fair (AUC 
= 0.71–0.79). The original ASD domain (i.e., 17 items) showed the highest 
AUC estimates, and an ever so slight increase was reported for both the male 
and female short forms as compared to the previously established short form.  
 

Table 14. Area under the curve (AUC) for males and females in the 
previous, predictive, and total groups for the ASD domain, previously 
established short form and male and female short forms. 

 Previous – AUC Predictive – AUC Total – AUC 
 ♂ ♀ ♂ ♀ ♂ ♀ 
ASD domain 0.96 0.98 0.79 0.76 0.86 0.83 
Short form 0.94 0.93 0.75 0.71 0.82 0.77 
Male short form 0.95 0.97 0.78 0.75 0.85 0.81 
Female short form 0.94 0.97 0.77 0.74 0.84 0.81 

Note:  
N ♂ = 8,517 (ASD = 186), N ♀ = 8,202 (ASD = 83). 
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5 DISCUSSION 

5.1 COMMENTS ON MAIN FINDINGS  
5.1.1 PAPER I 
In Paper I, the previous and predictive validity of the A–TAC was examined 
in a large population-based sample of twins. Our findings suggest that the       
A–TAC has a better ability to identify individuals who has been assigned a 
diagnosis before or in the same year as the A–TAC interview (i.e., previous 
validity). There are two possible explanations for these results. First, the         
A–TAC was rated by parents who are aware of their children’s existing 
diagnoses. It is thus plausible to assume that the parents of children with a 
diagnosis are more prone to recognizing and affirming the corresponding 
symptoms included in the items. Second, it is plausible that the age at diagnosis 
has an impact on the manifestation of symptoms (e.g., there is a difference 
between a diagnosis of ASD and ADHD in childhood compared to one in 
adolescence). Most likely, a diagnosis in childhood indicates a quantitatively 
more severe symptom presentation in combination with poor adaptive 
functioning. This notion is supported by Arvidsson et al. who in a study of 
ASD symptom levels (measured by the ASD domain in the A–TAC) reported 
that those who received a diagnosis aged 1–6 years displayed quantitatively 
more symptoms than those who were diagnosed at a later age.97 Therefore, it 
is plausible to assume that children who receive an ASD diagnosis after the 
age of nine years (i.e., after the A–TAC interview) have a less severe ASD 
phenotype, which is, reasonably, also coupled with a later assessment. 

Furthermore, attention is warranted during the A–TAC assessment of 
individuals aged 12 years or older as their parental ratings may be influenced 
by behavior and problems associated with puberty and adolescence. For 
instance, social demands increase and become more complex during the 
adolescent years. Furthermore, internalizing disorders may develop during 
adolescence that may yield a more ambiguous symptomatology. For instance, 
the mean age of onset for separation anxiety disorder, specific phobia, and 
social phobia is under 15 years of age.227 Related to this, our findings from the 
age-specific groups showed excellent validity for OCD for twelve-year-olds 
but “only” good validity was established for nine-year-olds. Thus, it is 
plausible to assume that results are affected by age, as the mean age of onset 
has been reported as 11.1 years for early onset OCD.65 Taken together, our 
findings of considerably lower sensitivity values in the predictive group 
(except for the low cut-off for LD) offer an argument against the uncritical use 
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of the A–TAC in clinical settings when the results are being used to identify 
adolescents in need of further assessment.  

5.1.2 PAPER II 
In Paper II we developed a short form that yielded validity estimates 
comparable to those of the full 17-item ASD domain. The benefits of the short 
form include the quick yet reliable identification of individuals who present 
with symptomatology indicative of a possible ASD. A short screening 
instrument may be a valuable asset in primary care settings (e.g., as a part of 
mandatory developmental check-ups, which commonly include several 
developmental areas such as gross and fine motor skills, language, and 
communication). Today, there is ongoing discussion about the utility of 
general screening for ASD in primary care settings, which is recommended by 
some organizations.228,229 The use of structured screening instruments as 
opposed to brief observation has been reported to improve the accuracy of 
referrals for further assessment230 and clinical judgement.231,232 Furthermore, 
structural disparities in clinical settings may be lessened by the use of a 
structured screening instrument, particularly in the case of children who come 
from a minority background or have a low socioeconomic status, who are 
reported to receive a diagnosis at a later age, which delays access to services.233 
A positive screening result may draw attention to the need for referral, which 
is the first step toward an early diagnosis. By extension, this may allow access 
to early interventions that can reduce the severity and/or impact of symptoms, 
improve language ability and adaptive behavior and provide extra resources in 
pre/school settings, which may improve overall functioning.234 Taken together, 
our results show that the short form may be a viable option for screening 
children prior to the age of 9 or 12 years when concerns are raised during a 
mandatory developmental check-up or primary care visit or within a school 
setting. However, our findings followed the pattern of the results in Paper I, 
and the proposed cut-off values for the short form yielded low sensitivity 
values in the predictive group (0.519 and 0.248). Thus, the short form should 
not be used uncritically for assessment in older age groups.   
 
Brief screening instruments with a minimal response burden can be valuable 
in large-scale epidemiological studies, particularly when the research question 
does not comprise the broader variance of the ASD phenotype. The short form 
may be a practical option, because it is free of charge and can be conducted by 
laymen over the telephone. Additionally, the short form may also be valuable 
in countries with limited societal resources. It should be noted, however, that 
it is not yet known how possible cultural differences may influence parental 
ratings in the short form.  
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5.1.3 PAPER III 
Paper III aimed to compare the degree of boys’ and girls’ symptoms of ASD, 
ADHD, LD, and ODD by using a sex-specific standardized score. Our findings 
suggest that females diagnosed with ASD represent a more extreme end of the 
distribution of ASD traits in a general population of females than males 
diagnosed with ASD do in a distribution of ASD traits in a general population 
of males. This result raises questions about the degree of symptomatology that 
is present in males and females with a diagnosis of ASD. Garcia et al. have 
shown that a percentile-based distribution of NDD symptomatology is 
positively correlated with the degree of dysfunction and suffering.235 Thus, it 
is reasonable to assume that this association is similar across sex, which would 
suggest that females diagnosed with ASD experience a higher degree of 
dysfunction than boys, even though the females are rated as having fewer 
symptoms. Taken as a whole, this indicates a need to consider the impairment 
associated with the symptomatology (i.e., make a qualitative assessment) and 
not just take count of symptoms during clinical assessments.  
 
The finding that females receive lower raw mean scores in the general 
population has been supported in several studies utilizing different screening 
instruments for ASD, including Social Responsiveness Scale,12,192 Autism 
Spectrum Screening Questionnaire,169,193 the Social Communication 
Questionnaire,194 and the Childhood Autism Spectrum Test.195 Additionally, 
two studies have reported different distributions of ASD traits across sex 
where, compared to females, males tended toward the extreme end of the 
distribution.236,237 The noticeable difference in the mean raw scores of males 
and females (i.e., 6.05 and 4.86 respectively) draws attention to the need to 
evaluate the possible value of sex-specific cut-off values.238 Furthermore, our 
findings suggest that certain females are not adequately captured by the use of 
established cut-off values in the A–TAC. This emphasizes the need to examine 
whether different constellations of symptoms should be weighted and/or 
assessed differently in males and females.   

5.1.4 PAPER IV 
Paper IV aimed to evaluate each item in the ASD domain for DIF and to 
examine whether a subset of the items is better at detecting ASD traits in males 
or females. The finding that the full ASD domain is largely equivalent, albeit 
with six items being flagged with DIF, suggests that there is a limited need for 
sex-specific scoring for the total score (i.e., on all 17 items). This is in line with 
a study by Kaat et al. in which a large sample was created by bringing together 
females diagnosed with ASD from several sites. The results show only a 
minimal difference between males and females on the Autism Diagnostic 
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Observation Schedule, Autism Diagnostic Interview–Revised, and Social 
Responsiveness Scale after controlling for age, non-verbal IQ, and language 
level.239  

The finding that six items were flagged with DIF indicates that caution is 
warranted in single-item, rather than whole-scale, interpretation. Attempts to 
detect DIF can have ambiguous results, particularly in large samples where 
small differences can easily become significant. Therefore, a reasonable 
explanation for the DIF is required, such as the finding that item J46 (“Does 
s/he get absorbed by his/her interests in such a way as being repetitive or too 
intense”) favored males, which is supported by several studies that have found 
lower levels of restricted and repetitive behavior in females in the general 
population194 and in clinical samples.146,148,149 Similarly, females with ASD 
have been reported to have a higher liability threshold for ASD 
symptomatology in general, but particularly for restricted and repetitive 
interests.113 In contrast, the DIF in item H38 (“Does s/he talk in too high a pitch 
or too quietly?”) can probably be explained by the item content and wording. 
In an examination of Autism Spectrum Screening Questionnaire- revised 
extended version, Kopp and Gillberg found that an item on robot-like language 
was commonly endorsed by males, while an item on different voice/speech 
was endorsed by females.151 However, caution is warranted in treating this as 
a defining feature of ASD in males, as a recent study has found DIF in favor 
of males in an item in Social Responsiveness Scale on awareness of the effect 
of voice volumes.240 It is likely that the contrasting results described above are 
influenced by the age of the participants and sample ascertainment. Taken 
together, the detection of DIF indicates a need for the careful writing of items 
and the psychometric evaluation of existing instruments in order to ensure 
fairness during assessment. 

Our results indicate relatively small differences in ASD traits across sex. 
However, the possibility remains that females present with a different 
phenotype, which would suggest that other items are required in order to 
adequately capture females with ASD. For instance, the ASD symptomatology 
may be less pronounced in females, which may be attributable to a better ability 
to camouflage.197,198 Additionally, females may be rated as less impaired at a 
surface level in clinical settings,144 as well as in parent and teacher reports.241 
The ASD domain is mainly based on the diagnostic criteria for pervasive 
developmental disorder in DSM-IV77, which may lack the sensitivity to capture 
a broader variation of ASD symptomatology. Taken as a whole, this suggests 
a need to examine the content validity of existing ASD instruments.  



DISCUSSION 

58 

5.1.3 PAPER III 
Paper III aimed to compare the degree of boys’ and girls’ symptoms of ASD, 
ADHD, LD, and ODD by using a sex-specific standardized score. Our findings 
suggest that females diagnosed with ASD represent a more extreme end of the 
distribution of ASD traits in a general population of females than males 
diagnosed with ASD do in a distribution of ASD traits in a general population 
of males. This result raises questions about the degree of symptomatology that 
is present in males and females with a diagnosis of ASD. Garcia et al. have 
shown that a percentile-based distribution of NDD symptomatology is 
positively correlated with the degree of dysfunction and suffering.235 Thus, it 
is reasonable to assume that this association is similar across sex, which would 
suggest that females diagnosed with ASD experience a higher degree of 
dysfunction than boys, even though the females are rated as having fewer 
symptoms. Taken as a whole, this indicates a need to consider the impairment 
associated with the symptomatology (i.e., make a qualitative assessment) and 
not just take count of symptoms during clinical assessments.  
 
The finding that females receive lower raw mean scores in the general 
population has been supported in several studies utilizing different screening 
instruments for ASD, including Social Responsiveness Scale,12,192 Autism 
Spectrum Screening Questionnaire,169,193 the Social Communication 
Questionnaire,194 and the Childhood Autism Spectrum Test.195 Additionally, 
two studies have reported different distributions of ASD traits across sex 
where, compared to females, males tended toward the extreme end of the 
distribution.236,237 The noticeable difference in the mean raw scores of males 
and females (i.e., 6.05 and 4.86 respectively) draws attention to the need to 
evaluate the possible value of sex-specific cut-off values.238 Furthermore, our 
findings suggest that certain females are not adequately captured by the use of 
established cut-off values in the A–TAC. This emphasizes the need to examine 
whether different constellations of symptoms should be weighted and/or 
assessed differently in males and females.   

5.1.4 PAPER IV 
Paper IV aimed to evaluate each item in the ASD domain for DIF and to 
examine whether a subset of the items is better at detecting ASD traits in males 
or females. The finding that the full ASD domain is largely equivalent, albeit 
with six items being flagged with DIF, suggests that there is a limited need for 
sex-specific scoring for the total score (i.e., on all 17 items). This is in line with 
a study by Kaat et al. in which a large sample was created by bringing together 
females diagnosed with ASD from several sites. The results show only a 
minimal difference between males and females on the Autism Diagnostic 

  DISCUSSION 

59 

Observation Schedule, Autism Diagnostic Interview–Revised, and Social 
Responsiveness Scale after controlling for age, non-verbal IQ, and language 
level.239  

The finding that six items were flagged with DIF indicates that caution is 
warranted in single-item, rather than whole-scale, interpretation. Attempts to 
detect DIF can have ambiguous results, particularly in large samples where 
small differences can easily become significant. Therefore, a reasonable 
explanation for the DIF is required, such as the finding that item J46 (“Does 
s/he get absorbed by his/her interests in such a way as being repetitive or too 
intense”) favored males, which is supported by several studies that have found 
lower levels of restricted and repetitive behavior in females in the general 
population194 and in clinical samples.146,148,149 Similarly, females with ASD 
have been reported to have a higher liability threshold for ASD 
symptomatology in general, but particularly for restricted and repetitive 
interests.113 In contrast, the DIF in item H38 (“Does s/he talk in too high a pitch 
or too quietly?”) can probably be explained by the item content and wording. 
In an examination of Autism Spectrum Screening Questionnaire- revised 
extended version, Kopp and Gillberg found that an item on robot-like language 
was commonly endorsed by males, while an item on different voice/speech 
was endorsed by females.151 However, caution is warranted in treating this as 
a defining feature of ASD in males, as a recent study has found DIF in favor 
of males in an item in Social Responsiveness Scale on awareness of the effect 
of voice volumes.240 It is likely that the contrasting results described above are 
influenced by the age of the participants and sample ascertainment. Taken 
together, the detection of DIF indicates a need for the careful writing of items 
and the psychometric evaluation of existing instruments in order to ensure 
fairness during assessment. 

Our results indicate relatively small differences in ASD traits across sex. 
However, the possibility remains that females present with a different 
phenotype, which would suggest that other items are required in order to 
adequately capture females with ASD. For instance, the ASD symptomatology 
may be less pronounced in females, which may be attributable to a better ability 
to camouflage.197,198 Additionally, females may be rated as less impaired at a 
surface level in clinical settings,144 as well as in parent and teacher reports.241 
The ASD domain is mainly based on the diagnostic criteria for pervasive 
developmental disorder in DSM-IV77, which may lack the sensitivity to capture 
a broader variation of ASD symptomatology. Taken as a whole, this suggests 
a need to examine the content validity of existing ASD instruments.  



DISCUSSION 

60 

5.2 CLINICAL IMPLICATIONS 
The A–TAC’s primary strength is its ability to provide a broad assessment, 
which includes NDDs as well as commonly co-occurring psychiatric disorders. 
In clinical settings, it is essential to be aware of co-occurring disorders during 
assessment and the planning of treatment and interventions. It has been argued 
that the potential negative outcomes of NDDs are underpinned by the co-
occurrence of “other” disorders (i.e., the risk of negative outcomes increases 
in the presence of co-occurring disorders, such as ASD in combination with ID 
and ADHD).241-244 Additionally, a continuous measurement of NDDs may be 
capable of detecting the presence of subthreshold traits. Symptoms of NDDs 
may wax and wane over time,245 and the manifestation of subthreshold traits 
may indicate the presence of a condition which at that time has not attained 
clinical significance and/or a prodromal pathology which may arise when the 
individual is older.246,247 Furthermore, it is likely that an individual trajectory 
may be influenced by subthreshold traits from another diagnostic category. For 
instance, one study has found that individuals with bipolar disorder and ASD 
traits show a specific clinical phenotype which includes a higher degree of 
suicidal ideation.248 Taken together, broad-band screening instruments, such as 
the A–TAC, should be recommended in clinical practice in order to obtain an 
initial assessment that taps into a broad range of symptomatology that is 
frequently present in child and adolescent psychiatry.   

In Paper I, Paper II, and Paper IV, the calculations from the AUC indicate a 
decrease in validity for the predictive group. As noted in the discussion of 
Paper I and Paper II, clinicians should not use the established cut-off values 
uncritically in older age groups. Symptoms of NDDs may become visible at 
different points in time in an individual’s life. This became evident in a study 
by Mandy et al. that examined the developmental trajectories of males and 
females with ASD traits in a large population-based sample. While males had 
higher levels of ASD traits at age 7, a decline was found between the ages of 
7 and 10, followed by a slight increase in ASD traits between the ages of 10 
and 16. On the other hand, females had lower scores than males at age 7, but a 
substantial increase in ASD traits was reported for females during 
adolescence.143 This indicates that, on the one hand, parents may not 
adequately capture subtle deficits in their children until they become manifest, 
possibly due to an increase in social demands. On the other hand, one may also 
argue that ASD deficits or traits that are not detectable by parents are of limited 
clinical relevance. Our findings nevertheless support the need to take into 
account the age of the child during screening for NDDs. 
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Our findings in Paper IV indicate that the ASD domain is largely equivalent 
across sex. Therefore, differences in the total score reflect a meaningful 
variation in ASD traits and are not the consequence of measurement error. 
Additionally, our results in Paper III show that females diagnosed with ASD 
had lower raw mean scores than did males diagnosed with ASD. Thus, our 
findings in Paper III indicate that females diagnosed with ASD are rated with 
a quantitatively lower level of ASD traits even though a higher rate of 
impairment may be present. Our findings suggest that clinicians need to 
consider the number of symptoms in combination with the degree of 
dysfunction and suffering.  

5.3 METHODOLOGICAL CONSIDERATIONS 
5.3.1 GENERALIZABILITY 
All of the papers in this thesis are based on a twin sample, which raises 
questions about generalizability. For instance, an excess of twin pairs has been 
found among families with two or more siblings with ASD, which may suggest 
that the process of twinning is a risk factor for developing ASD.249,250 However, 
this notion is not supported by three large population-based studies from 
California,251 Australia,252 and Sweden.253 Additionally, similar levels of ASD 
traits,254,255 ADHD traits,256 and general psychiatric outcomes257,258 (e.g. 
depression, affective disorders and psychotic disorders) have been reported for 
twins and singletons. Therefore, it is reasonable to assume that the results from 
Papers I–IV can be generalized to a non-twin population.  

A declining participation rate has been reported for CATSS and it is possible 
that parents of children with NDDs or other psychiatric disorders are 
overrepresented among non-responders. This notion is supported by two 
studies from Norway in which an increased likelihood of a higher degree of 
impairment or mental health problems has been found among non-
responders.259,260 It is also plausible, however, that parents of children with 
NDDs are more likely to participate as they may be more inclined to contribute 
to research within this field. Systematic analyses of the responders and non-
responders in CATSS have shown relatively small differences in socio-
economic circumstances, registered diagnoses in the NPR, and 
pharmacological treatment.174 However, these analyses were published in 2011 
and it is not yet known how the declining participation rate has affected the 
direction of the difference between responders and non-responders.  

The previous and predictive validity was examined by way of ROC curves 
utilizing registered diagnoses in the NPR as dependent variables. In Paper I, 
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low prevalence rates (i.e., < 0.6%) were reported for DCD, TD, ODD, CD, 
OCD, and ED in the NPR. It is plausible that clinicians may be more prone to 
assign a primary diagnosis without specifying any co-occurring disorders. For 
instance, the ADHD symptomatology may be expanded to include symptoms 
of ODD or CD. However, the prevalence estimates for ASD and ADHD were 
also low (1.2% and 2.8% respectively in Paper I), while the prevalence of 1% 
seems reasonable for LD. In the most recent data sample from CATSS and the 
NPR, extracted during 2020, the prevalence of ASD was 2.4%. Thus, the trend 
of an increase in registered ASD diagnoses was also evident within CATSS. 
The issue of prevalence taps into the changing panorama of child and 
adolescent psychiatric disorders.  

The A–TAC was developed early in the 21st century, when the reported 
prevalence of ASD was around 1% in children and somewhat lower in adults.80 
In 2018, the reported prevalence of ASD was approximately 4% among 
children and young adults (i.e., aged 0–24 years) in Stockholm County.261 
Thus, a remarkable increase in the number of diagnoses has occurred. This is 
also the case outside of Sweden. Similar prevalence estimates have been 
reported in South Korea,83 USA,86 and Japan.88 the However, despite the 
increase in the number of registered diagnoses of ASD, the symptomatology 
constituting the ASD phenotype has remained stable at all levels of the 
population.96 Furthermore, a decrease in the number of symptoms required for 
an ASD diagnosis has been reported; in children diagnosed between the ages 
of 7 and 12, a 50% reduction in reported symptoms was observed in the years 
2004–2014.97 Furthermore, a meta-analytic study has reported a gradual 
decrease in neurological and psychological constructs between individuals 
with and without ASD, which suggests that the construct of ASD has (1) 
become substantially less demarcated and (2) developed into a heterogeneous 
population.262 It is also important to note that there is no evidence of a changing 
etiology, which is evident from a large twin study showing a very similar 
genetic and environmental ratio despite rapidly increasing prevalence.98 The 
changes described above are indeed relevant to the A–TAC. The current cut-
off scores for the ASD domain in the A–TAC were established in 2010, and it 
is plausible that the high cut-off of 8.5, developed to mirror a clinical proxy of 
ASD, does not adequately capture the predominantly older individuals who are 
diagnosed with ASD today. Instead, it may be assumed instead that the high 
cut-off of 8.5 reflects a narrower definition of ASD and that the low cut-of 
value of 4.5 is representative of the ASD phenotype diagnosed today. The 
question of whether this represents a dilution of the diagnosis is beyond the 
scope of this thesis; however, it must be acknowledged that the resources of 
child and adolescent psychiatry are limited and a continuous surge in ASD 

  DISCUSSION 

63 

diagnoses create the risk of individuals having less access to habilitation 
services and special education in schools. 

5.3.2 MEASUREMENT ERROR AND MISCLASSIFICATION  
Mothers were the informants in the vast majority of the interviews in 
CATSS.174 In a study of the Child Behavior Checklist, van der Valk et al. 
showed that separate ratings from mothers and fathers contributed unique 
information about a child.263 Therefore, reliance on a single informant may not 
fully capture the possible symptomatology in a child. Furthermore, it has been 
argued that the environmental context influences the manifest behavior of a 
child and thus that the use of multiple informants may reduce the risk of 
misclassification.236 Furthermore, informant type may affect a study’s results 
(e.g., higher heritability estimates for ASD have been reported when the data 
has been based on parent report as opposed to teacher and/or self-report).264 
However, it is rarely feasible, for practical and financial reasons, to collect data 
from multiple informants in large-scale studies. In the A–TAC, the items 
should be assessed within a whole-life context and the behavior of the child 
should be compared with that of their peers, which makes parents, rather than 
the twins themselves, more suitable as raters, even though there is a risk of 
misclassification. Related to this, it can be argued that nine-year-old children 
may not yet possess the meta-cognitive skills required to compare their own 
behavior to that of their peers.  

In Paper II and Paper IV, we make the assumption that the total score from the 
ASD domain is representative of the underlying latent trait (i.e., theta). We 
have defined theta so that the extreme end represents a clinical diagnosis of 
ASD. This is justified, as the results from the EFA were sufficiently 
unidimensional, indicating that it measures a single construct. Furthermore, the 
items in the ASD domain are mostly based on the diagnostic criteria for 
pervasive developmental disorders in the DSM-IV77 and are dimensionally 
distributed in the population; the same genetic liabilities are associated with 
autistic-like traits and a diagnosis of ASD.13 The notions of a shared etiology 
and of dimensional distribution of ASD traits are supported in several large-
scale studies.10,12,264,265 Furthermore, there is considerable overlap between 
ASD and syndromic ASD (i.e., disorders with a well-known etiology and 
different developmental trajectory as compared to non-syndromic ASD).266 
These syndromes have a phenotypical presentation that may include symptoms 
of ASD (e.g., Down’s syndrome,267 Rett syndrome,268 fragile X syndrome,269 
22q11-deletions syndrome,270 tuberous sclerosis,271 and neurofibromatosis 
type 1.272 Unlike ASD, these syndromes have a clear demarcation from the 
general population. Nonetheless, it seems likely that an A–TAC assessment 
would also capture children with syndromic ASD. These syndromes are rare, 
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and we believe that the total score from the ASD domain is sufficiently 
representative as the theta in the IRT calibrations in Paper II and Paper IV.  

In Paper III and Paper IV, the validation estimates are based on data from ASD 
diagnoses retrieved from the NPR. However, ascertainment bias may have 
affected the results, as females with an ASD diagnosis may be at greater risk 
of under identification and/or misclassification. Thus, it is important to note 
that our findings in Paper II and Paper IV can be generalized only to children 
and adolescents who have already been diagnosed with ASD in service based 
registers. This has recently been indicated in a meta-analysis reporting a male-
to-female ratio of 4:56 in studies based on participants with a pre-existing ASD 
diagnosis. By way of contrast, a lower ratio of 3.25:1 has been reported in 
studies that actively included participants without taking consideration of 
registered ASD diagnoses.99 However, in Paper IV, the male-to-female ratio 
was 2.26:1, which suggests only minor, if any, underrepresentation in CATSS.   

 

 

 

 

 

 

 

 

 

  CONCLUSION 

65 

6 CONCLUSION 
In conclusion, the papers included in this thesis have shown that: 

I. the A–TAC is particularly strong as a parent-rated screening 
instrument for ASD, ADHD, LD, and ODD in children aged 
9 or 12 and makes it possible to obtain phenotypical 
information for several child psychiatric disorders. 
 

II. the short form of four items from the ASD domain can 
satisfactorily discriminate among individuals at the higher 
end of the autism trait continuum – the previous validity was 
excellent for children under the ages of nine or twelve. 
  

III. females diagnosed with ASD represent an even more extreme 
end of the distribution of ASD traits in the general population 
of females than do males diagnosed with ASD.  
 

IV. the ASD domain in the A–TAC is largely equivalent across 
sex and the differences observed in mean scores reflect a 
meaningful variation in ASD traits – the need for a sex-
specific scoring procedure is diminished when the total score 
for the ASD domain is utilized.  
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7 FUTURE PERSPECTIVES 
The A–TAC was developed nearly two decades ago. The items in it are based 
on diagnostic criteria from the DSM-IV77 and on well-known clinical features. 
Thus, a possible future direction may be to evaluate the A–TAC against 
diagnoses assigned by the DSM-51 and the forthcoming ICD-11. Similarly, the 
potential need for age-specific cut-off values suggested by our findings can 
also be examined in future studies.   

Assessment by way of the A–TAC provides a “problem load score” (i.e., two 
items on the perceived dysfunction and suffering on the part of the child and 
two items on the age at onset and on remission or persistence of the perceived 
problems). A cut-off score of 1 has previously been suggested by Garcia et al. 
as mirroring significant problems.235 However, previous validation studies 
have excluded the “problem load score” as the addition of these items has not 
substantially improved diagnostic accuracy. Future studies may benefit from 
an examination of the clinical utility of the “problem load score”, particularly 
since the presence of dysfunction and suffering is explicitly required for a 
diagnosis of ASD in the DSM-5.1 Given the rising prevalence of ASD, and that 
this increase is predominantly driven by individuals without intellectual 
disability, the arenas in which dysfunction and suffering arise should be 
thoroughly examined. 

This thesis includes a thorough validation of the ASD domain in the A–TAC; 
similar analyses of possible sex differences can be conducted for the other 
domains and may be particularly important for the ADHD domain. As with 
ASD, ADHD is commonly diagnosed in males, with the DSM-5 reporting a 
male-to-female ratio of 2:1.1 Similarly, the manifestation of symptomatology 
has been reported as differing across sex (i.e., females have more symptoms of 
inattention and internalizing problems and fewer symptoms of hyperactivity 
and impulsivity).273  

It is important to establish measurement equivalence, or invariance, both at an 
item level and for the total scale, because the mean difference is commonly 
utilized in order to examine differences across groups. If an instrument exhibits 
measurement variance across groups, then the mean scores are not comparable 
across the groups being examined. In Paper IV, we examine DIF for males and 
females, but this methodology can also be used to investigate other subgroups 
of interest. The diagnostic criteria of ASD may have gained a general 
acceptance in western countries, but it remains to be discovered how different 
cultural backgrounds may affect A–TAC assessment. This is an important 
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consideration with regard to ensuring fairness in screening and diagnostic 
evaluation. In a recent study from Sweden, the prevalence of ASD among 
immigrant and multiethnic populations was reported as being at least 3.66% in 
children aged 2–5 years274 which shows the need to evaluate existing 
instruments for possible cultural differences in responses, perception of 
disability and access to healthcare. For instance, it has been reported that the 
Childhood Autism Rating Scale has shown measurement invariance in diverse 
samples from six different countries. Items on social interaction and 
communication have been reported to show lower levels of variance across the 
six countries than do items on stereotyped behavior and sensory sensitivity.275 
Cultural adaption of a screening instrument may also include the modification 
of established cut-off values, which has been proposed for the Finnish version 
of Autism Spectrum Screening Questionnaire.276   

As stated above, the detection of similarities and possible differences between 
male and female manifestation may be obscured by the usage of clinically 
ascertained samples. It is possible that existing instruments lack the female-
specific content needed to capture females who likely have a less pronounced 
ASD symptomatology. This notion could be further examined in samples that 
are representative of the general population. Another possibility is to take 
clinical knowledge and experience into account and develop new items based 
on observed behavioral differences between males and females. This type of 
knowledge and experience was previously utilized by Kopp and Gillberg in the 
development of the Autism Spectrum Screening Questionnaire- revised 
extended version.151  
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APPENDIX: A–TAC FV 
A-TAC: FV 

Collateral version 
 
This questionnaire is in particular detail focused on a number of abilities and 
behaviours in children. Every child is different from everybody else. This 
means that their abilities in various areas as well as their conduct and behaviour 
vary a great deal. 
 
To gain as complete a picture as possible of your child, we ask you to answer 
a considerable number of questions. 
 
Children naturally function in different ways at different ages. State your 
perception of your child’s functioning as compared to his or her peers. If your 
child has had a certain problem or specific characteristic during any period of 
life, answer the question with “yes” even if the problem or characteristic is no 
longer present. 
 
Name of child/youth: __________________________________________ 
 
Date of birth/personal identity number: __________________________  
 
Age: ___________   Sex: ____________    
 
Date of interview: _____________________________ 
 
Informant (the person answering the questions): ___________________ 
 
Informant’s relationship to the 
child/youth (i.e. mother, father, etc): ______________________________ 
 

Henrik Anckarsäter  
Carina Gillberg        

Christopher Gillberg 

 Björn Kadesjö 
Maria Råstam 
Ola Ståhlberg 

 
Developed at the Department of Child and Adolescent Psychiatry, 

University of Gothenburg 
 

English translation: Sheila Allein, Henrik Anckarsäter, Christopher Gillberg, 
Ola Ståhlberg 
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A. Motor control The essential aspect of 
each question is whether 
the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

1 Does he/she have problems 
coordinating movements smoothly? 

   

 If ”Yes” or ”Yes, to some extent” to 
this question:  

   

A1 Is he/she clumsy?     
A2 Is he/she fumbling?    
A3 Does he/she have balance problems?     
A4 Does he/she easily stumble and fall?     
A5 Have motor problem/characteristic 

caused significant impairment in 
school, among age peers or at home?  

   

A6 Does the motor problem/characteristic 
cause him/her significant suffering? 

   

A7 At what age did the motor 
problem/characteristic commence?  

Age:   
 

A8 Are they still present? Yes     No     
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B. Perception The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

2 Does he/she seem disturbed by height 
differences such as in connection with 
climbing stairs etc.?  

   

3 Does he/she have difficulty judging 
distance or size?  

   

4 Is he/she oversensitive to touch or by 
tight clothing?  

   

5 Is he/she particularly sensitive to certain 
sounds/noise? 

   

6 Is he/she particularly sensitive to certain 
flavours, smells, or consistencies? 

   

 If ”Yes” or ”Yes, to some extent” to any 
of these questions:  

   

B1 Does he/she have difficulty 
comprehending orientation and spatial 
directions, e.g. turns clothes back to 
front?  

   

B2 Does he/she often bump into other 
people?  

   

B3 Does he/she have poor concepts of 
time?   

   

B4 Does he/she have difficulty imitating 
other people’s movements?  

   

B5 Does he/she have difficulty recognizing 
people? 

   

B6 Have perception 
problems/characteristics caused 
significant impairment in school, among 
age peers or at home? 

   

B7 Do the perception 
problems/characteristics cause him/her 
significant suffering? 

   

B8 At what age did the perception 
problems/characteristics commence? 

Age:   
 

B9 Are they still present? Yes     No     
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C. 
Concentration 
and attention 

The essential aspect of each 
question is whether the 
problems/characteristics have 
been pronounced compared to 
peers during any period of life  

Yes Yes, to 
some 
extent 

No 

7 Does he/she often fail to pay close attention 
to details or make careless mistakes in 
schoolwork, or other activities?  

   

8 Does he/she often have difficulty sustaining 
attention in tasks or play activities?  

   

9 Does he/she often seem not to listen when 
spoken to directly?  

   

10 Does he/she often fail to follow instructions 
and to finish tasks? 

   

11 Does he/she often have difficulty organizing 
tasks and activities?  

   

12 Does he/she often avoid tasks that require 
sustained mental effort (such as homework)?  

   

13 Does he/she often lose things?     
14 Is he/she often easily distracted or disturbed?     
15 Is he/she often forgetful in daily activities?     

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

C1  Does he/she have difficulty getting started 
on tasks/activities?  

   

C2 Does he/she have difficulty completing a 
task/activity?  

   

C3 Have concentration and/or attention 
problems/characteristics caused significant 
impairment in school, among age peers or at 
home?  

   

C4 Do the concentration and/or attention 
problems/characteristics cause him/her 
significant suffering? 

   

C5 At what age did the concentration and/or 
attention problems/characteristics 
commence? 

Age:   
 

C6 Are they still present? Yes     No     
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task/activity?  

   

C3 Have concentration and/or attention 
problems/characteristics caused significant 
impairment in school, among age peers or at 
home?  

   

C4 Do the concentration and/or attention 
problems/characteristics cause him/her 
significant suffering? 

   

C5 At what age did the concentration and/or 
attention problems/characteristics 
commence? 

Age:   
 

C6 Are they still present? Yes     No     
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D. 
Impulsiveness 
and activity  

The essential aspect of each 
question is whether the 
problems/characteristics have 
been pronounced compared to 
peers during any period of life  

Yes Yes, to 
some 
extent 

No 

16 Does he/she have difficulties holding his/her 
hands and feet still or can he/she not stay 
seated? 

   

17 Does he/she get up and move about in 
school or in other situations when he/she is 
supposed to remain seated?  

   

18 Does he/she often run about or climb 
excessively compared to peers? 

   

19 Does he/she have difficulty playing calmly 
and quietly?  

   

20 Is he/she often”on the go” or does he/she 
often act as if ”driven by a motor”? 

   

21 Does he/she often talk excessively?     
22 Does he/she often blurt out answers before 

the question has been completed?  
   

23 Does he/she have difficulty awaiting turns?     
24 Does he/she often interrupt or intrude on 

others?  
   

25 Does he/she easily get bored?    

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

D1 Is he/she unusually intrepid in physically 
dangerous situations? 

   

D2 Have impulsiveness and/or activity 
problems/characteristics caused significant 
impairment in school, among age peers or at 
home?  

   

D3 Do the impulsiveness and/or activity 
problems/characteristics cause him/her 
significant suffering? 

   

D4 At what age did the impulsiveness and/or 
activity problems/characteristics commence? 

Age:   
 

D5 Are they still present? Yes     No     
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E. Learning The essential aspect of each question 
is whether the 
problems/characteristics have been 
pronounced compared to peers 
during any period of life  

Yes Yes, to 
some 
extent 

No 

26 Has he/she had more difficulties than 
expected acquiring reading skills?  

   

27 Is learning slow and laborious?     
28 2.  Does he/she have difficulties with basic 

maths?  
   

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

E1 Is he/she a slow reader?     
E2 Does he/she dislike reading (e.g., avoids 

reading books)?  
   

E3 Does he/she have difficulties with maths 
problems given in written form?  

   

E4 Does he/she have difficulties understanding 
or using abstract terms?  

   

E5 Does he/she have difficulties spelling?     
E6 3.  Does he/she get special education in 

school? 
   

E7 Have learning problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

E8 Do the learning problems/characteristics 
cause him/her significant suffering? 

   

E9 At what age did the learning 
problems/characteristics commence? 

Age:   
 

E10 Are they still present? Yes     No     
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F. Planning 
and 
organizing 
tasks 

The essential aspect of each question 
is whether the 
problems/characteristics have been 
pronounced compared to peers 
during any period of life  

Yes Yes, to 
some 
extent 

No 

29 Does he/she have difficulties shifting plan or 
strategy when this is required?   

   

30 Does he/she find it difficult to keep basic 
order around him/her? 

   

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

F1 Does he/she have difficulties understanding 
consequences of his/her own actions?  

   

F2 Is he/she dependent and in very much in 
need of support?  

   

F3 Does he/she find it difficult to take care of 
his/her personal hygiene and his/her 
clothes? 

   

F4 Does he/she have difficulties postpone 
rewards until later and to find the meaning 
in things that are not immediately 
rewarding? 

   

F5 Does he/she experience simple, everyday- 
activities as tiring or energy consuming? 

   

F6 Have planning and organizing 
problems/characteristics caused significant 
impairment in school, among age peers or at 
home?  

   

F7 Do the planning and organizing 
problems/characteristics cause him/her 
significant suffering? 

   

F8 At what age did the planning and organizing 
problems/characteristics commence? 

Age:   
 

F9 Are they still present? Yes     No     
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G. Memory The essential aspect of each question is 
whether the problems/characteristics 
have been pronounced compared to 
peers during any period of life  

Yes Yes, to 
some 
extent 

No 

31 Does he/she have difficulties remembering 
where he/she put things?  

   

32 Does he/she have difficulties remembering 
long or multiple-step instructions?  

   

33 Does he/she have difficulties learning rhymes, 
songs, multiplication tables etc by heart?  

   

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

G1 Does he/she have difficulties remembering 
information about personal data, such as date 
of birth, home address etc.?  

   

G2 Does he/she have difficulties remembering the 
names of other people?  

   

G3 Does he/she have difficulties remembering the 
names of weekdays, months and seasons?  

   

G4 Does he/she have difficulties remembering 
non-personal facts learned at school (e.g. 
historic events, chemical formulas etc.)?  

   

G5 Does he/she have difficulties remembering 
specific situations that have occurred recently, 
as what has happened during the day or what 
he/she ate in school?  

   

G6 Does he/she have difficulties remembering 
events that occurred some time ago, such as 
what happened on a trip, what Christmas 
presents he/she got etc.?  

   

G7 Does he/she have difficulties remembering 
appointments with peers or what home-work 
he/she has got?  

   

G8 Does he/she have difficulties acquiring new 
skills, such as rules of new play or games?  

   

G9 Have memory problems/characteristics caused 
significant impairment in school, among age 
peers or at home?  

   

G10 Do the memory problems/characteristics cause 
him/her significant suffering? 

   

G11 At what age did the memory problems 
commence? 

Age:   
 

G12 Are they still present? Yes     No     
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H. Language  The essential aspect of each 
question is whether the 
problems/characteristics has 
been pronounced compared 
to peers during any period 
of life  

Yes Yes, to 
some 
extent 

No 

34 Was his/her language development 
delayed or doesn’t he/she speak at all?  

   

35 Does he/she have difficulties 
participating in discussions with others? 

   

36 Does he/she like to repeat words and 
expressions or does he/she use words in a 
way other people find strange? 

   

37 Has he/she difficulties with pretend play 
or does he/she imitate considerably less 
than other children? 

   

38 Does he/she talk in too high a pitch or too 
quietly?  

   

39 Does he/she have difficulties keeping ”on 
track” when telling other people 
something?  

   

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

H1 Does he/she have difficulties expressing 
him/herself in whole sentences?  

   

H2 Does he/she speak with a monotonous or 
strange voice?  

   

H3 Does he/she have difficulties telling about 
experiences or situations so that the 
listener understands?  

   

H4 Does he/she have difficulties explaining 
what he/she wants?  

   

H5 Does he/she have difficulties speaking 
fluently without any breaks?  

   

H6 Does he/she have difficulties 
pronouncing complex words?  

   

H7 Does he/she have difficulties verbally 
explaining emotions?  

   

H8 Does he/she use strange neologisms, old-
fashioned words, or too elegant words?  

   

H9 Does he/she speak so rapidly that it is 
difficult to comprehend what he/she is 
saying? 
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H10 Have language problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

H11 Do the language problems/characteristics 
cause him/her significant suffering? 

   

H12 At what age did the language 
problems/characteristics commence? 

Age:   
 

H13 Are they still present? Yes     No     
 

I. Social 
interaction 
 

The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

40 Does he/she have difficulties expressing 
emotions and reactions with facial 
gestures, prosody, or body language?  

   

41 Does he/she exhibit considerable 
difficulties interacting with peers?  

   

42 Is he/she uninterested in sharing joy, 
interests, and activities with others? 

   

43 Can he/she only be with other people on 
his/her terms? 

   

44 Does he/she have difficulties behaving as 
expected by peers?  

   

45 Do other people easily influence him/her?    

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

I1 Is he/she self-centred/self-absorbed?    
I2 Is he/she perceived by peers as different, 

odd, or eccentric?  
   

I3 Does he/she have difficulties 
understanding other people’s social cues, 
e.g., facial expressions, gestures, tone of 
voice, or body language?  

   

I4 Does he/she have difficulties 
understanding the feelings of other 
people?  

   

I5 Does he/she have difficulties showing 
other people respect?  
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H10 Have language problems/characteristics 
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H12 At what age did the language 
problems/characteristics commence? 
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I. Social 
interaction 
 

The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
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No 
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of these questions: 

   

I1 Is he/she self-centred/self-absorbed?    
I2 Is he/she perceived by peers as different, 
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I3 Does he/she have difficulties 
understanding other people’s social cues, 
e.g., facial expressions, gestures, tone of 
voice, or body language?  
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understanding the feelings of other 
people?  

   

I5 Does he/she have difficulties showing 
other people respect?  
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I6 Does he/she get exaggerated when there 
are a lot of people around? 

   

I7 Does he/she usually leave in the middle 
of a conversation, or abruptly change the 
topic of a conversation? 

   

I8 Does he/she have difficulties realising 
how to behave in different social 
situations? 

   

I9 Does he/she inadvertently make a fool of 
him/herself or does he/she make naïve 
and embarrassing remarks?   

   

I10 Does he/she often seem to lack common 
sense?  

   

I11 Does he/she find eye contact difficult?     
I12 Does he/she think that relationships are 

not very important and does he/she 
prefer to be on his/her own? 

   

I13 Is his/her body language awkward, 
gauche, clumsy, strange or unusual?  

   

I14 Does he/she have difficulties interpreting 
other people’s gaze intentions? 

   

I15 Is his/her gaze stiff, strange, peculiar, 
abnormal or odd?  

   

I16 Have social interaction 
problems/characteristics caused 
significant impairment in school, among 
age peers or at home?  

   

I17 Do the social interaction 
problems/characteristics cause him/her 
significant suffering? 

   

I18 At what age did the interaction 
problems/characteristics commence? 

Age:   
 

I19 Are they still present? Yes     No     
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J. Flexibility The essential aspect of each question 
is whether the 
problems/characteristics have been 
pronounced compared to peers 
during any period of life  

Yes Yes, to 
some 
extent 

No 

46 Does he/she get absorbed by his/her 
interests in such a way as being repetitive or 
too intense?  

   

47 Does he/she get absorbed by routines in 
such a way as to produce problems for 
himself or for other?   

   

48 Has he/she ever engaged in strange hand 
movements or walking high on tiptoe when 
he/she was happy or upset? 

   

49 Does he/she get absorbed by details?    
50 Does he/she dislike changes in daily 

routines?  
   

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

J1 Have flexibility problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

J2 Do the flexibility problems/characteristics 
cause him/her significant suffering? 

   

J3 At what age did the flexibility 
problems/characteristics commence? 

Age:   
 

J4 Are they still present? Yes     No     
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J1 Have flexibility problems/characteristics 
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among age peers or at home?  
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K. Tics  The essential aspect of each question is 
whether the problems/characteristics 
have been pronounced compared to 
peers during any period of life  

Yes Yes, to 
some 
extent 

No 

51 Was there ever a time when he/she would 
make unmotivated sounds such as throat 
clearing, sneezing, swallowing, barking, or 
shouting?  

   

52 Was there ever a time when he/she had 
involuntary movements, tics, twitches or 
facial grimaces?  

   

53 Does he/she have difficulties keeping quiet, 
e.g., whistles, hums, mumbles?  

   

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

K1 Does he/she use dirty words or language in 
an exaggerated way?  

   

K2 Have tics problems/characteristics caused 
significant impairment in school, among age 
peers or at home?  

   

K3 Do the tics problems/characteristics cause 
him/her significant suffering? 

   

K4 At what age did the tics 
problems/characteristics commence? 

Age:   
 

K5 Are they still present? Yes     No     
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L. 
Compulsions  

The essential aspect of each 
question is whether the 
problems/characteristics have been 
pronounced compared to peers 
during any period of life  

Yes Yes, to 
some 
extent 

No 

54 Does he/she have obsessive/fixed ideas?     
55 Does he/she have compulsive behaviours 

such as washing hands, touch things, control 
things, repeat things or procedures, arrange 
or ordering thing, or counting?  

   

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

L1 Have compulsion problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

L2 Do the compulsion problems/characteristics 
cause him/her significant suffering? 

   

L3 At what age did the compulsion 
problems/characteristics commence? 

Age:   
 

L4 Are they still present? Yes     No     
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these questions: 

   

L1 Have compulsion problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

L2 Do the compulsion problems/characteristics 
cause him/her significant suffering? 

   

L3 At what age did the compulsion 
problems/characteristics commence? 

Age:   
 

L4 Are they still present? Yes     No     
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M. Feeding  The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

56 Has he/she ever failed to gain enough 
weight for more than a year? 

   

57 Has he/she seemed fearful of gaining 
weight or growing fat? 

   

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

M1 Has he/she dieted hard enough to cause 
underweight or no weight gain for any 
length of time? 

   

M2 Has he/she exaggerated physical training 
or has he/she been excessively interested 
in his/her appearance? 

   

M3 Girls only: Has she failed to menstruate 
for at least 3 months due to weight loss? 

   

M4 Has he/she had periods of overeating 
followed by vomiting? 

   

M5 Has he/she tried to lose weight in spite of 
already being thin? 

   

M6 Has he/she ever had anorexia nervosa?    
M7 Have feeding problems/characteristics 

caused significant impairment in school, 
among age peers or at home?  

   

M8 Do the feeding problems/characteristics 
cause him/her significant suffering? 

   

M9 At what age did the feeding 
problems/characteristics commence? 

Age:   
 

M10 Are they still present? Yes     No     
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N. Separations 
  

The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

58 Has he/she difficulties functioning 
outside family house? 

   

59 Does he/she often voice fears that family 
members may die or get hurt? 

   

60 Does he/she have unreasonable fear of 
being alone? 

   

61 Does he/she have difficulties sleeping if 
family members are not around? 

   

62 Does he/she complain of recurring 
headaches, bellyaches, nauseas or vomits 
after separation from loved ones? 

   

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

N1 Does he/she have difficulties going off to 
school for fear of separation from family? 

   

N2 Does he/she have recurring nightmares 
about being separated from family? 

   

N3 Does he/she react unusually strong when 
friendship comes to an end? 

   

N4 Have separation problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

N5 Do the separation 
problems/characteristics cause him/her 
significant suffering? 

   

N6 At what age did the separation 
problems/characteristics commence? 

Age:   
 

N7 Are they still present? Yes     No     
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M. Feeding  The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

56 Has he/she ever failed to gain enough 
weight for more than a year? 

   

57 Has he/she seemed fearful of gaining 
weight or growing fat? 

   

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

M1 Has he/she dieted hard enough to cause 
underweight or no weight gain for any 
length of time? 

   

M2 Has he/she exaggerated physical training 
or has he/she been excessively interested 
in his/her appearance? 

   

M3 Girls only: Has she failed to menstruate 
for at least 3 months due to weight loss? 

   

M4 Has he/she had periods of overeating 
followed by vomiting? 

   

M5 Has he/she tried to lose weight in spite of 
already being thin? 

   

M6 Has he/she ever had anorexia nervosa?    
M7 Have feeding problems/characteristics 

caused significant impairment in school, 
among age peers or at home?  

   

M8 Do the feeding problems/characteristics 
cause him/her significant suffering? 

   

M9 At what age did the feeding 
problems/characteristics commence? 

Age:   
 

M10 Are they still present? Yes     No     
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N. Separations 
  

The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

58 Has he/she difficulties functioning 
outside family house? 

   

59 Does he/she often voice fears that family 
members may die or get hurt? 

   

60 Does he/she have unreasonable fear of 
being alone? 

   

61 Does he/she have difficulties sleeping if 
family members are not around? 

   

62 Does he/she complain of recurring 
headaches, bellyaches, nauseas or vomits 
after separation from loved ones? 

   

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

N1 Does he/she have difficulties going off to 
school for fear of separation from family? 

   

N2 Does he/she have recurring nightmares 
about being separated from family? 

   

N3 Does he/she react unusually strong when 
friendship comes to an end? 

   

N4 Have separation problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

N5 Do the separation 
problems/characteristics cause him/her 
significant suffering? 

   

N6 At what age did the separation 
problems/characteristics commence? 

Age:   
 

N7 Are they still present? Yes     No     
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O+P. 
Opposition/Conduct 
 

The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, 
to 

some 
extent 

No 

63 Has there ever been a time when he/she 
would be angry to the extent that he/she 
cannot be reached? 

   

64 Does he/she often argue with adults?     
65 Does he/she often tease others by 

deliberately doing things that are 
perceived as provocative?  

   

66 Is he/she easily offended, or disturbed by 
others?  

   

67 Is he/she easily teased?    
68 Does he/she often lie or cheat?     
69 Has he/she ever engaged in shoplifting?    
70 Has he/she ever deliberately been 

physically cruel to anybody? 
   

71 Does he/she often get into fights?    
72 Does he/she steal things at home or 

outside home? 
   

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

O1 Does he/she often lose temper?    
O2 Does he/she often refuse to follow the 

instructions of adults?  
   

O3 Is he/she often vindictive or cruel?    
O4 Does he/she often treat significant others 

badly or without respect? 
   

O5 Does he/she often blame others for own 
mistakes or bad actions?  

   

P1 Does he/she often threaten, harass or 
humiliate others? 

   

P2 Is he/she cruel to insects?    
P3 Is he/she cruel to other animals?    
P4 Has he/she ever started a fire?    
P5 Has he/she ever sexually abused others?    
P6 Has he/she ever been detained by the 

police? 
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P7 Has he/she ever used a deadly weapon?    
P8 Has he/she ever robbed anyone or 

unlawfully acquired other people’s 
property? 

   

P9 Has he/she ever purposely destroyed 
other people’s property? 

   

P10 Has he/she ever broken into someone 
else’s home, premises or car? 

   

P11 Is he/she often out late at night without 
consent (beginning before 13 years of age)? 

   

P12 Has he/she ever ran away from home and 
stayed away over night at least two times 
(or one time if it was for an extended 
period of time)? 

   

P13 Is he/she often absconding (beginning 
before 13 years of age)? 

   

OP14 Have opposition or conduct 
problems/characteristics caused 
significant impairment in school, among 
age peers or at home?  

   

OP15 Do the opposition or conduct 
problems/characteristics cause him/her 
significant suffering? 

   

OP16 At what age did the opposition or conduct 
problems/characteristics commence? 

Age:   
 

  

OP17 Are they still present? Yes     No     
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O+P. 
Opposition/Conduct 
 

The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, 
to 

some 
extent 

No 

63 Has there ever been a time when he/she 
would be angry to the extent that he/she 
cannot be reached? 

   

64 Does he/she often argue with adults?     
65 Does he/she often tease others by 

deliberately doing things that are 
perceived as provocative?  

   

66 Is he/she easily offended, or disturbed by 
others?  

   

67 Is he/she easily teased?    
68 Does he/she often lie or cheat?     
69 Has he/she ever engaged in shoplifting?    
70 Has he/she ever deliberately been 

physically cruel to anybody? 
   

71 Does he/she often get into fights?    
72 Does he/she steal things at home or 

outside home? 
   

 If ”Yes” or ”Yes, to some extent” to any of 
these questions: 

   

O1 Does he/she often lose temper?    
O2 Does he/she often refuse to follow the 

instructions of adults?  
   

O3 Is he/she often vindictive or cruel?    
O4 Does he/she often treat significant others 

badly or without respect? 
   

O5 Does he/she often blame others for own 
mistakes or bad actions?  

   

P1 Does he/she often threaten, harass or 
humiliate others? 

   

P2 Is he/she cruel to insects?    
P3 Is he/she cruel to other animals?    
P4 Has he/she ever started a fire?    
P5 Has he/she ever sexually abused others?    
P6 Has he/she ever been detained by the 

police? 
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P7 Has he/she ever used a deadly weapon?    
P8 Has he/she ever robbed anyone or 

unlawfully acquired other people’s 
property? 

   

P9 Has he/she ever purposely destroyed 
other people’s property? 

   

P10 Has he/she ever broken into someone 
else’s home, premises or car? 

   

P11 Is he/she often out late at night without 
consent (beginning before 13 years of age)? 

   

P12 Has he/she ever ran away from home and 
stayed away over night at least two times 
(or one time if it was for an extended 
period of time)? 

   

P13 Is he/she often absconding (beginning 
before 13 years of age)? 

   

OP14 Have opposition or conduct 
problems/characteristics caused 
significant impairment in school, among 
age peers or at home?  

   

OP15 Do the opposition or conduct 
problems/characteristics cause him/her 
significant suffering? 

   

OP16 At what age did the opposition or conduct 
problems/characteristics commence? 

Age:   
 

  

OP17 Are they still present? Yes     No     
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Q. Anxiety The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

73 Does he/she have panic attacks with 
sudden fear or anxiety? 

   

74 Does he/she fear leaving home alone, 
crowds, waiting in line or going on a bus 
or train? 

   

75 Is he/she particularly nervous or anxious?    

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

Q1 Is he/she extremely shy and reticent?    
Q2 Is he/she silent in situations you are not 

expected to be silent? 
   

Q3 Is there anything he/she fears doing in 
front of other people, i.e. talking, eating or 
writing (excludes presentations of 
reports)? 

   

Q4 Have anxiety problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

Q5 Do the anxiety problems/characteristics 
cause him/her significant suffering? 

   

Q6 At what age did the anxiety 
problems/characteristics commence? 

Age:   
 

Q7 Are they still present? Yes     No     
 

R. Mood The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

76 Does he/she have poor self-confidence?     
77 Does he/she often complain about 

bellyaches, headaches, breathing 
difficulties or other bodily symptoms? 

   

78 Has he/she had recurrent episodes with 
extremely high activity level and flight of 
ideas?  
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79 Does he/she have recurrent periods of 
obvious irritability? 

   

80 Does his/her self-confidence very from 
situation to situation? 

   

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

R1 Does he/she seem to be unhappy, sad, or 
depressed?  

   

R2 Does he/she often complain about 
feelings of loneliness?  

   

R3 Does he/she often express a feeling of 
being worthless or inferior to other 
children?  

   

R4 Has there ever been a period when 
nothing, or almost nothing, could make 
him/her feel happy? 

   

R5 Has he/she been thinking of or talked 
about committing suicide? 

   

R6 Has he/she tried to commit suicide    
R7 Has he/she often had a feeling of 

emptiness? 
   

R8 Does he/she feel that his/her qualities 
and talents are ignored by others? 

   

R9 Have mood problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

R10 Do the mood problems/characteristics 
cause him/her significant suffering? 

   

R11 At what age did the mood 
problems/characteristics commence? 

Age:   
 

R12 Are they still present? Yes     No     



APPENDIX: A–TAC FV 

116 

Q. Anxiety The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

73 Does he/she have panic attacks with 
sudden fear or anxiety? 

   

74 Does he/she fear leaving home alone, 
crowds, waiting in line or going on a bus 
or train? 

   

75 Is he/she particularly nervous or anxious?    

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

Q1 Is he/she extremely shy and reticent?    
Q2 Is he/she silent in situations you are not 

expected to be silent? 
   

Q3 Is there anything he/she fears doing in 
front of other people, i.e. talking, eating or 
writing (excludes presentations of 
reports)? 

   

Q4 Have anxiety problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

Q5 Do the anxiety problems/characteristics 
cause him/her significant suffering? 

   

Q6 At what age did the anxiety 
problems/characteristics commence? 

Age:   
 

Q7 Are they still present? Yes     No     
 

R. Mood The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

76 Does he/she have poor self-confidence?     
77 Does he/she often complain about 

bellyaches, headaches, breathing 
difficulties or other bodily symptoms? 

   

78 Has he/she had recurrent episodes with 
extremely high activity level and flight of 
ideas?  
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79 Does he/she have recurrent periods of 
obvious irritability? 

   

80 Does his/her self-confidence very from 
situation to situation? 

   

 If ”Yes” or ”Yes, to some extent” to any 
of these questions: 

   

R1 Does he/she seem to be unhappy, sad, or 
depressed?  

   

R2 Does he/she often complain about 
feelings of loneliness?  

   

R3 Does he/she often express a feeling of 
being worthless or inferior to other 
children?  

   

R4 Has there ever been a period when 
nothing, or almost nothing, could make 
him/her feel happy? 

   

R5 Has he/she been thinking of or talked 
about committing suicide? 

   

R6 Has he/she tried to commit suicide    
R7 Has he/she often had a feeling of 

emptiness? 
   

R8 Does he/she feel that his/her qualities 
and talents are ignored by others? 

   

R9 Have mood problems/characteristics 
caused significant impairment in school, 
among age peers or at home?  

   

R10 Do the mood problems/characteristics 
cause him/her significant suffering? 

   

R11 At what age did the mood 
problems/characteristics commence? 

Age:   
 

R12 Are they still present? Yes     No     
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S. Concept of 
reality  

The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

81 Has he/she ever seen things no one else 
could see? 

   

 If ”Yes” or ”Yes, to some extent” to this 
question: 

   

S1 Has he/she ever perceived him/herself as 
traced or haunted by others not this being 
reality? 

   

S2 Has he/she ever heard voices or sounds, 
which no one else could hear? 

   

S3 Have problems/characteristics with 
concept of reality caused significant 
impairment in school, among age peers or 
at home?  

   

S4 Do the problems/characteristics with 
concept of reality cause him/her 
significant suffering? 

   

S5 At what age did the 
problems/characteristics with concept of 
reality commence? 

Age:   
 

S6 Are they still present? Yes     No     
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T. Miscellaneous The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

82 Does he/she stutter?    
83 Is or has she/she been bullied by other 

children in school?  
   

84 Has he/she been severely overweight?    
85 Does he/she often have sleeping 

problems? 
   

86 Does he/she often have nightmares?    
87 Does he/she walk in sleep or have 

nocturnal attacks when he/she cannot 
be ”reached” or comforted?  

   

88 Has he/she tried to inflict bodily 
damage to him-/herself?  

   

89 Has he/she repeatedly tried to inflict 
bodily damage to him-/herself?  

   

90 Is there anything else he/she fears, i.e. 
flying, heights, cramped rooms, or 
certain kind of animals or insects? 

   

91 Has he/she wet him/herself during 
daytime after the age of 5?  

   

92 Has he/she soiled him/herself on 
several occasions after the age of 4 
except in connection with gastro-
intestinal infection? 

   

93 Does he/she smoke?    
94 Does he/she use tobacco in other form?    
95 Has he/she ever used alcohol?    
96. Has he/she ever had a period after age 5 

when he/she only wanted to eat 
particular types of food? 
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S. Concept of 
reality  

The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

81 Has he/she ever seen things no one else 
could see? 

   

 If ”Yes” or ”Yes, to some extent” to this 
question: 

   

S1 Has he/she ever perceived him/herself as 
traced or haunted by others not this being 
reality? 

   

S2 Has he/she ever heard voices or sounds, 
which no one else could hear? 

   

S3 Have problems/characteristics with 
concept of reality caused significant 
impairment in school, among age peers or 
at home?  

   

S4 Do the problems/characteristics with 
concept of reality cause him/her 
significant suffering? 

   

S5 At what age did the 
problems/characteristics with concept of 
reality commence? 

Age:   
 

S6 Are they still present? Yes     No     
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T. Miscellaneous The essential aspect of each 
question is whether the 
problems/characteristics 
have been pronounced 
compared to peers during 
any period of life  

Yes Yes, to 
some 
extent 

No 

82 Does he/she stutter?    
83 Is or has she/she been bullied by other 

children in school?  
   

84 Has he/she been severely overweight?    
85 Does he/she often have sleeping 

problems? 
   

86 Does he/she often have nightmares?    
87 Does he/she walk in sleep or have 

nocturnal attacks when he/she cannot 
be ”reached” or comforted?  

   

88 Has he/she tried to inflict bodily 
damage to him-/herself?  

   

89 Has he/she repeatedly tried to inflict 
bodily damage to him-/herself?  

   

90 Is there anything else he/she fears, i.e. 
flying, heights, cramped rooms, or 
certain kind of animals or insects? 

   

91 Has he/she wet him/herself during 
daytime after the age of 5?  

   

92 Has he/she soiled him/herself on 
several occasions after the age of 4 
except in connection with gastro-
intestinal infection? 

   

93 Does he/she smoke?    
94 Does he/she use tobacco in other form?    
95 Has he/she ever used alcohol?    
96. Has he/she ever had a period after age 5 

when he/she only wanted to eat 
particular types of food? 

   

 
 
 
 
 
 
 




