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ABSTRACT
The overall aim of this thesis was to study some previously under-researched psychometric
properties of the standardized diagnostic instruments Autism Diagnostic Interview-Revised
[ADI-R] and Autism Diagnostic Observation Schedule [ADOS] as well as the standardized
Vineland Adaptive Behavior Scales, Second Edition [VABS-II] in order to improve current
diagnostic practice.
Excellent interpersonal objectivity operationalized as interrater reliability of the ADI-R and
the ADOS has been reported from research settings with highly trained, research reliable
examiners. However, there are no studies from clinical practice despite the wide usage of
both instruments in these settings. In studies I and II, the objectivity of the ADI-R and the
ADOS was examined in clinical practice among clinical users. For the ADI-R, the objectivity
for items (medians), domains and criteria exceeded G(q,k) (analogous to intraclass
correlation) = .90 in all instances and was ĸ = .83 for classification. For modules 1-4 of the
ADOS, items (medians) ranged from G(q,k) = .74 to .83, overall totals from .85 to .92 and
classification was ĸ = .69.
Diagnostic validity of the ADI-R’s and the ADOS’ revised algorithms, separately and in
combination, has previously only occasionally been reported for young children. In study III,
the diagnostic validity of these instruments was examined in a large clinical sample of
toddlers and young preschoolers. Diagnostic validity for the combined ADI-R and the ADOS
yielded a sensitivity of 78% and specificity of 88% while the classification accuracy for the
single use of the ADI-R and the ADOS in general was lower.
Finally, despite a multitude of studies reporting on the effect of the new DSM-5
symptomatology criteria of ASD on diagnosis rates, no studies have analyzed the effect of the
novel DSM-5 impairment criterion. In study IV, this was examined in a subsample of the
young children of study III. In accordance with the DSM-5 conceptualization of impairment,
this was measured with the standardized VABS-II and different cutoffs of adaptive
functioning were applied to operationalize impairment. We showed that, depending on the
threshold (1, 1 ½ and 2 SDs below the mean) used to operationalize impairment, 88%, 69%
and 33% respectively of the children with a DSM-IV-TR ASD diagnosis fulfilled the
impairment criterion compared to 91% for the DSM-5 symptomatology criteria.
To conclude, in terms of objectivity our results endorse the universal use of the ADI-R and
the ADOS in everyday clinical practice and research for all age groups as the first choice
diagnostic instruments for ASD. The combined use of the ADI-R and the ADOS yields better
diagnostic validity than the separate usage of either instrument. Moreover, our results suggest
that a strict application of the new DSM-5 impairment criterion might compromise early
diagnosis for 12-67% of young children with a complete DSM-5 ASD symptomatology. The
main asset of using standardized instruments is improved objectivity in assessing ASD
symptomatology.
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1 BACKGROUND
1.1

DEFINITION AND DESCRIPTION OF AUTISM SPECTRUM DISORDER

Autism Spectrum Disorder (ASD) is a group of early onset neurodevelopmental disorders
that are behaviorally defined by a combination of persistent deficits in social communication
and social interaction alongside stereotypic, restricted and repetitive behaviors causing
functional impairment (American Psychiatric Association [APA], 2000, 2013; World Health
Organisation [WHO], 1993). Evidence indicates neurobiological underpinnings for ASD
causing altered brain functions related to specific cognitive dysfunctions that in turn could be
linked to the defining behavioral pattern (Lai, Lombardo, & Baron-Cohen, 2013). Currently,
the idea of atypical brain connectivity has gained great interest as a main characteristic in
ASD (Rane et al., 2015). In that context and in general, there is an intense ongoing research
effort on the volumetric, structural and functional aspects of the ASD brain with different
imaging techniques (Philip et al., 2012) and post-mortem studies (Casanova, 2014) as well as
in the field of biochemistry (Lam, Aman, & Arnold, 2006) and immunology (Hsiao, 2013;
Noriega & Savelkoul, 2014). Research has shown that genetics have a strong impact on ASD.
Estimates of heritability from twin studies have ranged from 38% (Hallmayer et al., 2011;
Lichtenstein, Carlström, Råstam, Gillberg, & Anckarsäter, 2010) to over 90% (Bailey et al.,
1995; Colvert et al., 2015), but a recent well-designed study with a very large sample
reported a heritability estimate of 50% and a dose-response relationship of individual risk of
ASD proportionally linked to how closely related individuals were with each other (Sandin et
al., 2014). However, the genetic landscape of ASD is characterized by an extreme complexity
and remarkable heterogeneity where a convergent pattern of pathways and mechanisms
affected by the currently known risk genes just has begun to emerge (Geschwind & State,
2015). To date, genetic antecedents have only been identified in a minority of individuals
with ASD, and these are often characterized by pleiotropy and inherited as well as rare and
common de novo mechanisms seem to be at play. There are a range of known and potential
environmental risk factors associated to ASD influencing the development, already and
especially before conception and birth, but neither is necessary nor sufficient to develop ASD
(Lyall, Schmidt, & Hertz-Picciotto, 2014). Etiologically speaking, the dominating view is still
that ASD results of a complex interaction between a large part genetic but also epigenetic,
environmental and developmental factors (Lai et al., 2013).
Common cognitive theories of ASD that have also been linked to differences in brain
functioning compared to healthy controls are deficits in the ability to mentalize (Theory of
Mind), i.e. the intuitive understanding of mental states in self and others (Boucher, 2012;
Pelphrey, Shultz, Hudac, & Vander Wyk, 2011; Senju, 2012), executive dysfunctions (Leung
& Zakzanis, 2014) and weak central coherence, i.e. a cognitive style prioritizing details over
the global picture (Happé & Frith, 2006; Samson, Mottron, Soulières, & Zeffiro, 2012).

1

1.2

PREVALENCE

Current prevalence estimates of ASD indicate that around 1 % of the population have ASD
(CDC, 2014; Elsabbagh et al., 2012) but some recent register data from Stockholm and
prevalence estimates from South Korea report rates of ASD in the range of 2.5% (Idring et
al., 2015; Y. S. Kim et al., 2011). There has been a huge and steady increase since the first
prevalence study in 1966 reported an estimate of less than 0.5 ‰ (Lotter, 1966) commonly
explained by changes of the definition of ASD and in reporting practices (Hansen, Schendel,
& Parner, 2015) as well as increased awareness (Elsabbagh et al., 2012) even though an
increase due to risk factors cannot be ruled out (Lai et al., 2013). Males are 2-4 times more
prevalent than females and concurrent intellectual disability [ID], language disorders as well
as other neurodevelopmental, psychiatric and neurological disorders are common in ASD
(Joshi et al., 2011; Simonoff et al., 2013).
1.3

CONSEQUENCES AND INTERVENTIONS

Having ASD is from early on associated with personal suffering and considerable challenges
for families. Without a diagnosis and in a non-autism friendly environment, the social
communication difficulties accompanied by inflexible and sometimes odd thought and
behavioral patterns often result in frequent conflicts, peer rejection (Carter, Garrity-Rokous,
Chazan-Cohen, Little, & Briggs-Gowan, 2001; Williamson, Craig, & Slinger, 2008), bullying
(Humphrey & Symes, 2011; Schroeder, Cappadocia, Bebko, Pepler, & Weiss, 2014; van
Roekel, Scholte, & Didden, 2010; Zablotsky, Bradshaw, Anderson, & Law, 2014), loneliness
(Bauminger, Shulman, & Agam, 2003; Lasgaard, Nielsen, Eriksen, & Goossens, 2010; White
& Roberson-Nay, 2009), and general adaption problems affecting mental health, learning,
quality of life and social inclusion negatively (Barneveld, Swaab, Fagel, van Engeland, & de
Sonneville, 2014; Domellöf, Hedlund, & Ödman, 2014; Kuhlthau et al., 2010; van Heijst &
Geurts, 2015). There exists still no pharmacological or other cure for ASD but a wide range
of interventions and services are available for individuals with ASD and their families (Bölte,
2014). The main focus of these interventions is on developing (deficient) skills, reducing
unwanted behaviors, and implementing autism friendly environments facilitating
communication and daily functioning in preschool, school and at work as well as at home.
Thus, many interventions are educational activities for parents, teachers and other persons
dealing with the individual, as well as communication strategies, behavior modification and
positive behavior support directly addressing the individual affected by ASD (Hirvikoski et
al., 2015). Adult outcome in ASD is mixed but often poor with a need for continuous support
throughout the life span for many individuals (Billstedt & Gillberg, 2005; Henninger &
Taylor, 2013; Magiati, Tay, & Howlin, 2014; L. E. Smith, Greenberg, & Mailick, 2012).
Early intervention is assumed to improve outcome (Fein et al., 2013; Reichow, 2012), which
is one reason for promoting early detection and early diagnosis around the world. In many
cases it is possible to assign a reliable ASD diagnosis around the age of two years but the
average age of diagnosis is still higher (CDC, 2014; Idring et al., 2012). Research shows that
being a parent of an individual with ASD is associated with more stress (Hayes & Watson,
2

2013), lower incomes (Jacob, Scott, Falkmer, & Falkmer, 2015) and higher rates of sick leave
and unemployment (McEvilly, Wicks, & Dalman, 2015; Ou et al., 2015). The lifetime costs
of ASD have been estimated to between 10 and 15 million SEK per individual (Buescher,
Cidav, Knapp, & Mandell, 2014; Gustavsson et al., 2011; Järbrink, 2007; Knapp, Romeo, &
Beecham, 2009; Lavelle et al., 2014; Leigh & Du, 2015). In summary, ASD constitutes a
substantial public health issue affecting the life of many individuals, not only those directly
affected with ASD.
1.4

DIAGNOSING AUTISM SPECTRUM DISORDER

Assigning reliable and valid diagnoses of ASD and other mental disorders lies at the heart of
clinical practice and research in psychiatry. Clinically, a correct diagnosis is a necessary basis
to understand the behavior and needs of the individual, plan intervention and give access to
service. In psychiatry research, diagnosis serves as the launch pad and heuristically
organizational principle for studying for example epidemiology, etiology, neurobiology,
genomics, cognition, behavior, treatment responses, trajectories and outcome.
To diagnose means to determine to which diagnostic category or categories an individual
belong according to the current diagnostic classifications. The psychiatric nosology is based
on the conceptualization of mental disorders as disturbances of mental functioning reflecting
underlying dysfunctions in biological, developmental or psychological processes (APA,
2013). As we still lack complete knowledge of these latent, underlying processes, we rely on
manifest patterns of mostly behavioral symptoms, summarized by the diagnostic criteria of
the published classifications, to define mental disorders (Hofmann, 2014). Therefore, even
though these sets of diagnostic criteria are seen as the best available description of mental
disorders to date, it is also explicitly acknowledged that they constitute but an incomplete and
not fully validated definition of the disorder (APA, 2013; WHO, 1993; 1992). In fact,
research so far has not been successful in convincingly linking many of the disorders of the
current classifications to common genetic, neurobiological and brain functioning patterns
why a new research paradigm, the Research Domain Criteria (RDoC), seeking to organize
psychiatric knowledge around pathophysiological entities instead of the current behaviorally
defined diagnoses, has been established but not yet affected the classifications like for
instance the DSM (Insel et al., 2010; London, 2014). So while waiting for a new RDoC based
classification of mental disorders, diagnostic criteria of the current classifications, then, are
offered as “guidelines” to be applied with clinical judgment by specifically trained and
experienced clinicians to make reliable and valid diagnoses (APA, 2013, p.21). Moreover, a
necessary but not sufficient part of the process of assigning accurate psychiatric diagnoses
consists of assessing symptom presentations in relation to the published criteria as reliably as
possible. Furthermore, an evaluation of intellectual and language functioning, genetic and
environmental risk factors, comorbid developmental, psychiatric or neurological conditions,
the course of the difficulties, etc. are also warranted to accurately assign valid diagnoses.
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1.5

AUTISM SPECTRUM DISORDER ACCORDING TO THE CURRENT
MEDICAL CLASSIFICATIONS OF MENTAL DISORDERS

1.5.1 The behavioral psychopathological criteria
In both WHO’s International Classification of Diseases [ICD-10] and APA’s Diagnostic and
Statistical Manual of Mental Disorders [DSM-IV/-TR and DSM-5], the behavioral
symptomatology of ASD includes persistent deficits in social communication and social
interaction together with patterns of restricted, repetitive and stereotyped behaviors, interests,
and activities (RRB). In ICD-10 and DSM-IV/-TR, social interaction and communication
deficits are divided into two separate criteria with 4 items each while DSM-5 combines these
two domains into one single criterion with 3 sub-criteria, see Appendix for complete
diagnostic criteria of the three classifications. The RRB criterion is subdivided in 4
symptoms/items in ICD-10, DSM-IV/-TR and DSM-5 but with some differences in content.
However, despite these differences in structure across diagnostic systems, the totality of the
psychopathological content covered is mainly the same. ICD-10 and DSM-IV/-TR share the
same structural organization of criteria and with only minor differences in wording and
content. DSM-5 combines all verbal and non-verbal communication aspects into two subcriteria (B1-2), converts the language delay/absence part of the ICD-10 B2a and DSM-IV/TR A2a criterion to a specifier and moves the stereotyped language part to the RRB section.
In the RRB section, sensory behaviors and reactions to sensory stimuli constitute a new subcriterion while several of the former ICD-10 and DSM-IV/-TR items/symptoms have been
somewhat expanded and reorganized. According to ICD-10 and DSM-IV/-TR, it requires 6
symptoms/items with the following distribution: at least two on social interaction and at least
one on communication and RRB respectively. DSM-5 requires that all three parts of social
communication/interaction and at least two of the four RRB parts are or have been present
(current or by history).
1.5.2 The onset criterion and exclusion criteria
All three classifications require early onset (prior to age three years or in the early
developmental period, ICD-10: A; DSM-IV/-TR: B; DSM-5: C). Symptoms must not be
better explained by general developmental delay (low IQ) in ICD-10 (C) and DSM-5 (E),
and/or by Rett’s Disorder in DSM-IV/-TR (C) and ICD-10 (C) or Childhood Disintegrative
Disorder in DSM-IV/-TR (C) as well as by any other developmental disorders or psychiatric
diagnoses in ICD-10.
1.5.3 The impairment criterion
Moreover, DSM-5 includes a new criterion: D. “Symptoms cause clinically significant
impairment in social, occupational, or other important areas of current functioning” (APA,
2013, p.50), only required for Asperger’s disorder in DSM-IV/-TR and not at all in ICD-10.
The new DSM-5 impairment criterion for ASD reflects a change in the conceptualization of
mental disorders compared to earlier version of DSM. Since at least DSM-III (APA, 1980),
4

functional impairment (or distress) has been a completing criterion for many diagnoses, and
is still an additional criterion in DSM-5 for many diagnoses including ASD. From having
basically served as a threshold criterion, and conceptually intermingled with
symptomatology, DSM-5 promotes a new view of functional impairment as an important
dimension separated from symptomatology in the assessment and intervention of mental
disorder. This harmonizes the DSM with the system of the WHO where symptomatology and
functioning are separate constructs and treated in different classifications, ICD-10 (WHO,
1993) and the International Classification of Functioning, Disability and Health for adults as
well as for children and youths [ICF/ICF-CY] (WHO, 2001; 2007). Moreover, according to
the DSM-5 conceptualization of mental disorder, impairment is caused by the latent disease
entity and its symptoms. There is no explicit information in DSM-5, though, of how
impairment in children and youths should be defined, operationalized or measured although
the use of the World Health Organization Disability Assessment Schedule (WHODAS, Üstün
et al., 2010), based on the ICF, is recommended for adults. It has been demonstrated that
there is a close relationship between the concept of the ICF components activities and
participation, that are the basic components of the WHODAS, and adaptive functioning
(Fabiano & Pelham Jr., 2009). Impairment is then the result of “activity limitation” and
“participation restrictions” according to the ICF or limited functioning according to the
adaptive functioning concept.
1.5.4 Diagnostic subcategories
In DSM-5, autistic and Asperger’s disorder and Pervasive Developmental Disorder Not
Otherwise Specified [PDD-NOS] have merged into one diagnostic category, Autism
Spectrum Disorder; Rett’s Disorder and Childhood Disintegrative Disorder have been
omitted from DSM-5, the former because it has an established neurological basis where ASD
symptoms may be present for a period and the latter because there is insufficient scientific
evidence of its existence as a separate category.
1.5.5 Specifiers
In DSM-5, a set of specifiers (not criteria) is introduced for the ASD diagnosis. Symptom
severity for the social communication and social interaction difficulties and the RRB should
be specified separately as well as the presence (or absence) of intellectual and/or language
impairment, known medical, genetic, or environmental factors, other neurodevelopmental,
mental or behavioral disorders and catatonia. It is acknowledged that these factors might
influence the way the symptomatology is expressed in the individual.
1.5.5.1 Severity
The current diagnostic classificatory systems are criterion-based and categorical, meaning
that clinicians have to assess if a person fulfills the required criteria as well as belongs to
diagnostic category or not. However, there is also a dimensional approach present for many
diagnoses including ASD as the evaluation and documentation of disorder severity now is
5

mandatory. ASD severity, like the presence or absence of intellectual and language
impairment, and neurological, (neuro)developmental or psychiatric comorbidities, is a
specifier and linked to how much support an individual needs because of the functional
impairment his or her ASD symptoms cause. In general within the framework of the current
diagnostic classification systems, severity has been operationalized as symptom count and/or
an evaluation of the intensity of each symptom (Bernier, 2012). For ASD according to DSM5, the relationship between the severity specifier and the impairment criterion is not specified.
1.5.6 DSM-IV/-TR versus DSM-5
Since the first drafts of the new ASD criteria of DSM-5 were made public, there has been an
ongoing discussion and even controversy of how the new symptomatology criteria will
influence diagnosis rates. A multitude of studies have concluded that the application of the
new criteria would reduce diagnostic rates with at least third compared to DSM-IV/-TR and
even more for the higher functioning individuals with ASD (summarized in Kulage,
Smaldone, & Cohn, 2014; I. Smith, Reichow, & Volkmar, 2015; Sturmey & Dalfern, 2014;
see also Barton, Robins, Jashar, Brennan, & Fein, 2013; Turygin, Matson, Adams, & Belva,
2013; Volkmar & Reichow, 2013). However, to date, there are very few studies analyzing the
potential impact of the application of the new impairment criterion on diagnosis rate or with a
few exceptions even mentioning it (Maenner et al., 2014; Weitlauf, Gotham, Vehorn, &
Warren, 2014).
1.5.7 Factors influencing the manifestation of the behavioral
symptomatology
For ASD as for neurodevelopmental disorders in general, at least since Michael Rutter
formulated the modern behavioral definition of autism in a seminal paper in the seventies,
drawing on Leo Kanner’s original description of the clinical phenomena he named autism
(Kanner, 1943) and research, the necessity to take certain unspecific factors into account
when assessing ASD symptomatology have been evident (Rutter, 1978). Rutter highlighted
the importance of putting the ASD symptomatology in relation to age and IQ/mental age to
correctly characterize it, because of the observation that the absence or immaturity of certain
behavioral skills in very young children or children with a very low mental age mistakenly
could be interpreted as autistic symptoms as well as the often marked change and
improvement of behaviors in individuals with autism above 5 years of age. The influence of
age and/or developmental level and expressive language level on the symptomatology have
been corroborated in more recent research (Gotham, Pickles, & Lord, 2009; Hus & Lord,
2013) and both intellectual and language impairment are specifiers for an ASD diagnosis
since DSM-5 because of that. Therefore, to accurately assess the ASD symptomatology, a
detailed evaluation of the individual’s intellectual and language functioning is necessary.
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1.6

DIAGNOSTIC EVALUATION OF AUTISM SPECTRUM DISORDER

For the case formulation process or diagnostic evaluation of ASD and the other
neurodevelopmental disorders, a multidisciplinary approach is often recommended,
traditionally centered around a detailed clinical history but also relying on other
methodologies to adequately characterize the individual’s psychopathology and need for
treatment and service (NICE Clinical Guidelines, 2011; Swedish Council on Health
Technology Assessment [SBU], 2013; Volkmar, Langford Booth, McPartland, & Wiesner,
2014; Volkmar, Siegel, et al., 2014). Apart from clinical expertise, it is generally known that
the use of standardized diagnostic instruments, i.e. checklists, interviews and observational
methods, with good psychometric properties could improve the reliability of diagnosis
(Wittchen, 1994), and in DSM-5 (APA, 2013) this is also explicitly endorsed for the
evaluation of ASD (p. 55).
1.6.1 Standardized diagnostic instruments
Standardized diagnostic instruments operationalizing diagnostic criteria aim to reduce
variance in how clinicians collect, process and interpret information through the use of a
shared set of procedures. For example, checklists and structured and respondent-based
interviews comprise mandatory verbatim questions and response alternatives from which the
respondent choses what to answer, whereas in an investigator-based structured interview, the
interviewer asks mandatory verbatim but often open-ended questions, follow rules for
probing and independently assesses and codes the respondent’s answers according to some
kind of coding scheme. Standardized observation instruments have mandatory administration
rules, specified activities and standard material to use as well as rules of what to quantify and
how. Most standardized instruments also include algorithms, i.e. set of rules of how to
calculate the overall results and then how to interpret these results in terms of fulfilling
diagnostic criteria or not, for example against a cutoff or according to different kinds of
norms. Specific training is generally prescribed for using standardized diagnostic instruments.
Thus, the structured and consistent way of collecting and evaluating information in relation to
diagnostic criteria means that all relevant areas will be covered and that information variance,
observation/interpretation variance, and criterion variance are minimized (Spitzer, 1983;
Wittchen, 1994).
1.6.2 Reliability, objectivity and validity of standardized diagnostic
instruments
The reliability and the validity of standardized instruments represent quantified information
of the measurement precision, consistency and repeatability of the instrument, i.e. how well it
discriminates subjects from each other, as well as its conformity with truth, i.e. how well it
measures what it is intended to measure. Reliability is basically empirical and its most
common forms in regards to diagnostic instruments are internal consistency, a measure of the
agreement among the items of the instrument and test-retest reliability, which deals with the
temporal stability of the result. The interrater reliability, sometimes only reliability (APA,
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2013; Freedman et al., 2013), that measures the agreement between different observers or
more correctly the extent to which the obtained result is independent of the examiner is often
treated as an aspect of reliability (Blacker and Endicott, 2000) but represents according to
classical test theory the (interpersonal) objectivity aspect of an instrument (Lienert, 1989).
Objectivity, used interchangeably with the term interrater reliability in this thesis, is a crucial
property of every standardized diagnostic instrument that involves the coding of observed
behaviors or verbal descriptions of behaviors. Although the objectivity of a measure generally
is seen as property of the instrument, it is also dependent on external factors such as sample
characteristics and the degree of training of the raters. For example, it is probably more
problematic to agree on “difficult” cases with unclear symptoms while extensively trained
and calibrated raters could be expected to be more consistent in their ratings than uncalibrated
clinicians using the instrument in everyday clinical practice. A high level of objectivity or
interrater reliability is a prerequisite for high validity but does not automatically purport it.
Thus, it is necessary to evaluate the objectivity of a standardized diagnostic instrument and to
do it in same type of sample and setting that it will be used in.
The validity of a standardized diagnostic instrument refers to the extent that the results reflect
for example correct diagnosis, presence of symptoms and symptom severity. There are also
different forms of validity, for example face validity or whether the instrument appears to
measure the intended construct and construct validity including convergent, divergent and
discriminant validity that are linked to how a result correlates with other constructs. The most
important validity aspect for diagnostic instruments though is diagnostic validity that
designates how well the result of the instrument conforms to diagnosis. However, for ASD
and psychiatry in general, a clinical diagnosis in itself is not something absolute and
completely objective but the product of clinicians overall judgment concluding a diagnostic
process. In the field, ‘gold standard’ clinical diagnosis is often used as a reference standard in
studies of diagnostic validity drawing on the best estimate method (Gotham, Risi, Pickles, &
Lord, 2007; S. H. Kim & Lord, 2012a; Mahoney et al., 1998), which involves a
multidisciplinary team of expert clinicians that on the basis of the information from different
sources and collected with different methods formulate a consensus diagnosis, called best
estimate diagnosis or clinical consensus diagnosis. This could be seen as a variant of the
Longitudinal, Expert, and All Data [LEAD] standard proposed by Spitzer in the 80ies
(Spitzer, 1983). Using the result from an already existing measure is another example of a
reference standard used to evaluate new diagnostic instruments. However, this procedure is
methodologically problematic because it is impossible to claim that the result from an old
instrument should be closer to the true diagnosis than that from the new instrument, and
moreover that it seems inappropriate and even absurd to evaluate a new and supposedly better
performing instrument with a less efficient instrument, something that also already Spitzer
pointed out in his seminal paper presenting the LEAD standard (Spitzer, 1983). In summary,
this has led to that in many studies applying the best estimate diagnosis as reference standard,
the results of the studied instrument has also been used in the diagnostic decision-making to a
various degree, i.e. the diagnosis is not completely independent from the instruments studied.
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1.6.3 Standardized diagnostic interviews
In psychiatry in general, the diagnostic interview, aside from checklists, is the prototypic
standardized instrument in research and clinical practice. The most common broadband
interviews for children and adolescents, the Kiddie Schedule for Affective Disorders and
Schizophrenia for School Aged Children - Present and Lifetime version [K-SADS-PL]
(Kaufman et al., 2009; Kaufman et al., 1997) and the Development and Well-Being
Assessment [DAWBA] (Goodman, Ford, Richards, Gatward, & Meltzer, 2000) include brief
ASD sections, while the most widely used equivalents for adults, the Composite International
Diagnostic Interview [CIDI] of the WHO (1994) and the Structured Clinical Interview for
DSM-IV Axis I [SCID-I] (First, Spitzer, Gibbon, & Williams, 1997) lack such sections. More
recent and popular examples of extensive diagnostic interviews for ASD are the
Developmental, Dimensional and Diagnostic Interview [3di] (Skuse et al., 2004) and the
Diagnostic Interview for Social and Communication Disorders [DISCO] (Nygren et al., 2009;
Wing, Leekam, Libby, Gould, & Larcombe, 2002) operationalizing ICD-10/DSM-IV criteria
for ASD while the shorter Asperger Syndrome (and high-functioning autism) Diagnostic
Interview [ASDI] (C. Gillberg, Gillberg, Råstam, & Wentz, 2001) operationalizes the
Gillberg and Gillberg criteria of Asperger disorder (I. C. Gillberg & Gillberg, 1989).
However, the most psychometrically well-documented and widely used diagnostic interview
in the field is probably the Autism Diagnostic Interview-Revised [ADI-R] (Rutter, Le
Couteur, & Lord, 2003), often labeled ‘gold standard’ and included in many national clinical
guidelines (NICE, 2011; SBU, 2013), and a common diagnostic tool in clinical practice of
ASD around the world (Ashwood, Buitelaar, Murphy, Spooren, & Charman, 2015; de Bildt,
Sytema, Zander, et al., 2015; Havdahl, von Tetzchner, Huerta, Lord, & Bishop, 2015; Lampi
et al., 2010; Saemundsen, Magnusson, Smari, & Sigurdardottir, 2003; The National Board of
Health and Welfare, 2009). The ADI-R is a comprehensive, investigator-based standardized
caregiver interview designed for individuals in all ages to collect the necessary information to
assess whether diagnostic criteria for autistic disorder and other ASDs according to ICD-10
and DSM-IV are met. The ADI-R is also largely consistent of DSM-5 although originally
conceptualized according to ICD-10/DSM-IV criteria. The ADI-R has been and is used in a
great variety of research and its (interrater) reliability and validity are well established in
scientific settings by so-called research reliable interviewers, i.e. extensively trained and
calibrated (see also Methods for details). It is also widely used but rarely studied in clinical
practice.
1.6.4 Standardized diagnostic observation tools
Standardized observational instruments in psychiatry in general and for ASD in particular are
much rarer than interviews. For ASD, the Psychoeducational Profile – Third Edition [PEP-3]
(Schopler, Lansing, Reichler, & Marcus, 2005) that is basically used as a tool for
developmental assessment and treatment planning designed for children between 2 and 7
years of age, also comprises a scale of which a part could be used to gather ASD
diagnostically relevant information. However, the PEP-3 is rarely used as a diagnostic
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instrument and published data on the diagnostic validity are very scarce. The most popular
and widely used observational instrument, and perhaps of all diagnostic instruments for ASD
assessment both in clinical practice and research, though, is probably the Autism Diagnostic
Observation Schedule ([ADOS/-2], in the following the acronym ADOS will be used for both
versions) (Lord, Rutter, DiLavore, & Risi, 1999; Lord et al., 2012). The use of the ADOS is
recommended by the same guidelines as recommends the ADI-R (NICE, 2011; SBU, 2013;
Volkmar, Siegel, et al., 2014), and is considered ‘gold standard’ in the field. The ADOS’
owes its popularity for several reasons. Firstly, its “clinicalness” in that it samples and
quantifies behaviors during a direct observation in an ongoing naturalistic interaction between
the patient regardless of age and the observing examiner. Secondly, by its way of providing
(diagnostic) ADOS classifications and severity scores to aid categorical and dimensional
evaluation of ASD. Thirdly, its compatibility with the ADI-R. The ADOS can be
administered to children from 12 months of age up to adults. The design of the ADOS largely
follows the ICD-10/DSM-IV definition of the ASD and might be even more compatible with
DSM-5 (Huerta, Bishop, Duncan, Hus, & Lord, 2012). The varying behavioral manifestations
of ASD symptoms are controlled for by a language and age dependent module and algorithm
system. There exists an extensive body of research establishing the interrater reliability (i.e.
objectivity) and validity of the ADOS, mostly from research settings by research reliable
examiners and regarding older children but fewer examples from clinical settings and for
younger children.
1.6.5 Standardized instruments for assessment of impairment and
functioning
It has been proposed that impairment in mental disorder should be assessed using
standardized, normed and psychometrically sound instruments (Naglieri, 2009). As earlier
mentioned, DSM-5 recommends the use of the standardized and normed WHODAS (Üstün
et al., 2010) for this purpose. However, this instrument with excellent psychometric
properties, translated into many languages and designed for use in different cultures, is still
only available for adults, although there exists an unpublished version for school age children
(Canino, 2013). The WHODAS draws on the ICF and assesses basically the ICF components
activities and participation, which are closely related to the concept of adaptive functioning.
Adaptive functioning is operationalized and measured by several standardized and normed
instruments, for example the checklist Adaptive Behavior Assessment System, Second
Edition [ABAS-2] (Harrison & Oakland, 2003), but it is the investigator-based caregiver
interview Vineland Adaptive Behavior Scale [VABS/-II] (Sparrow, Balla, & Cichetti, 1984;
Sparrow, Cichetti, & Balla, 2005) that probably is the most widely used instrument of this
kind in the ASD field, both in research and clinical practice. Its reliability and validity as well
as sensitivity for functioning difficulties in ASD are well established and it is normed from 0
to 90 years.
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1.7

IMPLICATIONS OF THE USE OF STANDARDIZED DIAGNOSTIC
INSTRUMENTS IN AUTISM SPECTRUM DISORDER

1.7.1 Assets
In research and clinical practice around the world, an increasing number of children,
adolescents and adults with suspicion of ASD are assessed and/or diagnosed with the support
of the standardized diagnostic instruments ADI-R and ADOS as well as getting their
functioning assessed with the VABS. In general, the use of standardized diagnostic
instruments with well-documented psychometric properties like the ADI-R and the ADOS
holds the potential promise of improved consistency and reliability of symptom assessment
across clinicians, time and geography (Spitzer, 1983; Wittchen, 1994). This use also lays the
foundation of improved communication about ASD and comparability of results across
settings and researchers. Large samples of consistently assessed and characterized individuals
have been collected and standards for quantifying ASD symptomatology, studying
dimensions, symptom severity and clustering of symptoms in a reliable way have been
developed. For example, it has been convincingly demonstrated that the significant
differences in the distribution of best estimate DSM-IV-TR based ASD subcategories
(autistic disorder, Asperger’s disorder and PDD-NOS) across sites had no foundation in
quantified symptomatology differences, as measured by the ADI-R and the ADOS, but in
different site specific diagnostic routines only (Lord et al., 2012). Furthermore, the influence
of unspecific factors like age, IQ and language level on ASD symptomatology has also been
studied in an unprecedented systematic and quantified fashion with the ADI-R (Hus & Lord,
2013; Hus, Pickles, Cook, Risi, & Lord, 2007) and the ADOS (de Bildt et al., 2009; Gotham
et al., 2007; Oosterling et al., 2010). For the ADI-R, this has for example resulted in new
research algorithms for toddlers with improved diagnostic validity (S. H. Kim & Lord,
2012b) and for the ADOS revised algorithms and a new module, the Toddler Module for
children from 12 to 30 months without fluent speech (Gotham et al., 2007; Lord et al., 2012;
Luyster et al., 2009). Moreover, based on large samples of well-characterized individuals
with ASD, a severity metric of ASD symptomatology has been developed from ADOS
domain and total scores with the result that the influence of language level and age has been
reduced to a minimum: the Calibrated Severity Scores [CSS] (Esler et al., 2015; Gotham et
al., 2009; Hus & Lord, 2014) also called Comparison Scores [CS] (Lord et al., 2012).
Psychometrically sound comparisons of ASD symptom severity (as manifested during an
ADOS administration) between individuals with different age and language level as well as
intra-individual during development and module/algorithm change become possible as well
as testing the hypothesis of the association between symptom severity and functional
impairment (Kanne et al., 2011). This systematic and standardized way of assessing ASD
symptomatology with the ADI-R and ADOS has also informed the new ASD definition of
DSM-5, for example, the reorganization of the symptomatology in two clusters instead of
three and the merging of the different DSM-IV-TR ASD diagnoses into only one diagnostic
category. Moreover, this type of research has also contributed to the change of status of
language delay from being a diagnostic criterion in DSM-IV-TR to become, together with IQ,
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a specifier, i.e. important factors to take into account when assessing symptomatology but
nonspecific to ASD (Lord, Corsello, & Grzadzinski, 2014). Even in regards to the new RDoC
approach, where no such domain as ASD exists, the ADI-R’s and the ADOS’s unique and
reliable way of assessing social and communicative behaviors might have the potential to
become even a standard for sampling social communication in general.
1.7.2 Challenges
According to the DSM-5 and various guidelines, expert clinicians’ judgment is still
considered the diagnostic ‘gold standard’ for ASD and in psychiatry in general. However, the
use of psychometrically sound standardized diagnostic instruments can improve the quality of
such diagnostic decision-making (APA, 2013, p.55; SBU, 2013). Still, the availability of
standardized diagnostic instrument like the ADI-R and the ADOS that generate numerical
results and clear-cut diagnostic classifications, rather authoritative pieces of information, may
also tempt the users to apply the results of these instruments straight off to supplant expert
clinicians’ judgments, something that has been discussed since the infancy of the history of
standardized diagnostic instruments in psychiatry (Spitzer, 1983). It is not unusual in research
to use the result of the ADI-R and the ADOS as a proxy for diagnosis (Bryson et al., 2007;
Ozonoff et al., 2014; Wolff et al., 2012). Furthermore, in clinical practice, the result from the
ADOS has begun to heavily influence diagnostic decision-making. This overreliance of the
results of diagnostic instrument risks by misclassification to cause harm in clinical practice
and bias in research. Ultimately, the risk of reification of diagnosis is imminent (Hyman,
2010). Clinicians and researcher must keep in mind that diagnostic instruments,
operationalizing diagnostic criteria, must not be mistaken for the complete description of the
disorder, as criteria are offered as guidelines only.
The authors of the ADI-R and the ADOS keep emphasizing that the proper use of these
instruments require thorough clinical expertise of ASD besides the mastery of the instrument
in question (Lord et al., 2012; Rutter et al., 2003), reminding that the published data on
interrater reliability or objectivity and diagnostic validity (cutoffs, sensitivities and
specificities) have been derived from research settings by research reliable experts.
Objectivity and diagnostic validity of the ADI-R and the ADOS in clinical practice are
largely unknown and despite their wide use in these settings we lack knowledge about how
the estimates from research settings compare with those produced from clinical, non-research
reliable users with variable experience.
It is also known that the diagnostic accuracy of the ADI-R and the ADOS, which is
associated with the diagnostic definition, is lower for unclear cases, i.e. children younger than
48 months and older than 12 years, and/or high-functioning and fluently speaking individuals
(Lord et al., 2014; NICE, 2011).
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1.8

SUMMARY

Taken together, there are three important areas where we are in need for more knowledge
regarding standardized diagnostic assessment of ASD: 1) objectivity or interrater reliability of
the ADI-R and the ADOS in clinical practice; 2) diagnostic validity of the same instruments’
revised algorithms in regards to toddlers and young preschoolers; 3) the effect on diagnosis
rates of the newly introduced DSM-5 impairment criterion for ASD in regards to young
preschoolers.
1.8.1 Objectivity of the ADI-R and the ADOS
Objectivity is a necessary but not sufficient prerequisite of diagnostic validity of an
instrument. Excellent objectivity in the form of interrater reliability has been reported in
several studies from research settings with highly trained, research reliable and consistently
calibrated raters for both the ADI-R and the ADOS. To the author’s best knowledge, no
studies have reported data on objectivity in clinical practice settings with non-expert users
with various levels of experience. This information is important to increase our understanding
of the ADI-R and the ADOS psychometric properties in clinical practice and to what extent
the database from research is applicable in clinical practice.
1.8.2 Diagnostic validity of the ADI-R and the ADOS in toddlers and young
preschoolers
Diagnostic validity of the ADI-R and the ADOS in children below 4 years of age, an
increasingly diagnosed and prioritized group, is less accurate and less studied in comparison
to children 4 to 12 years of age with clear symptoms, some but not fluent language and some
degree of intellectual disability (Lord et al., 2014; NICE, 2011). Previous research, especially
in regards to the ADOS, has seldom focused on this specific age group but reported results
from mixed age groups, not for all ASD versus non-ASD spectrum [NS] and have almost
only been studied in US research settings. The standard algorithms of the ADI-R has shown
to be either overinclusive (Lord, Storoschuk, Rutter, & Pickles, 1993) or underinclusive
(Ventola et al., 2006; Wiggins & Robins, 2008) in young children. However, recently, Kim
and Lord presented a new set of research algorithms for children between 12 and 47 months
with improved diagnostic validity (S. H. Kim & Lord, 2012b; S. H. Kim, Thurm, Shumway,
& Lord, 2013). Concerning the ADOS, previous research indicates that the ADOS, even in its
revised form is overinclusive in regards to the youngest and/or most developmentally
retarded children. Moreover, for the combined use of the ADI-R and the ADOS, applying the
revised algorithms in children below 48 months of age (Gotham et al., 2007; S. H. Kim &
Lord, 2012b; Lord et al., 2012), it exists only one study from a research setting in the US (S.
H. Kim & Lord, 2012a).
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1.8.3 The novel impairment DSM-5 criterion for Autism Spectrum Disorder in
young children
In general, it has been recommended to use standardized and normed instruments to measure
impairment (Bernier, 2012; Naglieri, 2009). However, DSM-5 does not provide an explicit
definition of impairment even though it recommends the use of the standardized and normed
WHODAS for adults, which is based on the ICF. As the ICF way of defining impairment and
adaptive functioning are closely related, the use of the normed and standardized VABS
appear to be a measure of choice of impairment in ASD, further motivated by its extensive
use in the ASD field. To begin with, the VABS is a structured caregiver interview and
normed for all ages. There exists an extensive knowledgebase of adaptive functioning
concerning individuals with ASD showing substantially decreased levels for older individuals
but a less clear picture for infants, toddlers and young preschoolers. Due to the properties of
the construct, the naturally sheltered environments that young children live in, the low
demand of adaptive skills and the higher thresholds to react on potential problems in the
youngest children, it could be assumed that the new impairment criterion, depending on how
it is defined, might affect diagnosis rates of ASD for young children, especially among those
without intellectual and/or language impairment. Therefore, the introduction of the new
impairment criterion in ASD might constitute a threat still not thought of to early diagnosis
and early intervention by preventing young children with a manifest ASD symptomatology
but not (yet) experienced as functionally impaired from fulfilling criteria for ASD. No study
has examined the impairment criterion with standardized instruments or what the effects the
application of different cutoffs for defining impairment might have on diagnosis rate for
young children with ASD, a striking difference to the large amount of studies on the impact
of the new symptomatology criteria on diagnosis rates. Few studies have examined the effect
of symptom severity on impairment defined by the VABS, despite the assumption that
symptoms cause impairment, or how the specifiers interact with impairment.
1.8.4 Conclusion
ASD is a public health concern demanding improved diagnostic methodologies, especially
for younger children, and in clinical practice.
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2 AIMS OF THE THESIS
The overall aim of this thesis is to study some previously under-researched psychometric
properties of some of the internationally most widely used standardized diagnostic
instruments for ASD, the ADI-R, the ADOS-2 and the VABS-II, focusing on the objectivity
in clinical practice of the ADI-R and the ADOS operationalized as interrater reliability, the
diagnostic validity for toddlers and young preschoolers of the same instruments as well as on
the new DSM-5 impairment criterion in ASD in order to improve current diagnostic practice.
In studies I and II, the aim was to examine the objectivity of the ADI-R and the ADOS
through the spontaneous interrater reliability on item level, for domain totals and
classification as well as on criteria level for the ADI-R, across various naturalistic clinical
settings among clinicians with different levels of clinical experience and expertise of using
the instruments and from different clinical and research programs in Sweden.
In study III, the aim was to examine the diagnostic validity of the ADI-R and the ADOS
separately and in combination in a Swedish clinical sample consisting of children below 48
months of age.
In study IV, the aim was to investigate the impact of the new DSM-5 impairment criterion on
diagnosing ASD in toddlers and young preschoolers and how the new DSM-5 specifiers as
well as age and gender were associated with impairment status
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3 METHODS
3.1

PARTICIPANTS

3.1.1 Study I
Ten children and adolescents (n = 8 males) with suspected ASD were assessed by n = 11
raters to determine interrater reliability for the ADI-R. Nine participants with the mean age of
10 years (SD = 4.6 years, range = 2-17 years) had ASD (n = 5 Autistic Disorder, n = 3
Asperger’s Disorder and n = 1 PDD-NOS, and one was typically developing (17 years old,
verbal IQ [VIQ] = 100, nonverbal IQ [NVIQ] = 90). Mean VIQ and NVIQ were 104.6 (SD =
15.5) and 110.8 (SD = 7.3), respectively (n = 5).
3.1.2 Study II
Forty children and adolescents (n = 28 males) were examined with the ADOS modules 1-4,
10 of each module, and assessed by n = 15 raters for ADOS interrater reliability. In total,
n = 28 had ASD (n = 13 autistic disorder, n = 6 Asperger’s disorder and n = 9 PDD-NOS)
and of the 12 participants without ASD, n = 8 had ADHD, n = 1 language disorder and
intellectual disability respectively and n = 2 no diagnosis. Mean age for module 1 participants
with ASD was 3.8 (SD = 1.0) and NS 3.7 (SD = 0.4), for module 2 with ASD 4.8 (SD = 0.7)
and NS 4.2 (SD = 0.9), for module 3 with ASD 11.1 (SD = 2.1) and NS 9.4 (SD = 2.8), and
for module 4 with ASD 16.0 (SD = 1.2) and NS 16.0 (SD = 2.5). Mean VIQ for participants
with ASD and NS of module 1 was 60.3 (SD = 19.6) and 77.5 (SD = 6.4) and NVIQ was 88
and 77 (no SDs, only one participant) respectively; VIQ for module 2 was 89.3 (SD = 15.6)
and 94.0 (no SD, only one participant) and NVIQ was not available; VIQ for module 3 was
92.3 (SD = 12.0) and 93 (no SD, only one participant) and NVIQ was 102.5 (SD = 16.4) and
98 (no SD, only one participant); and VIQ for module 4 was 97 (SD = 15.2) and 104.0 (SD =
12.7) and NVIQ was 94.2 (SD = 9.9) and 101.4 (SD = 14.2).
3.1.3 Study III
N = 268 children 18-47 months of age were assessed by a multidisciplinary diagnostic team
with the ADI-R, the ADOS, IQ, adaptive functioning, etc. Mean age was 37.9 months (SD =
7.2 months). Following assessment, n = 171 children got an ASD diagnosis (autistic disorder:
n = 103, PDD-NOS: n = 68) and n = 97 children were classified as NS: n = 67 children
received a non-ASD neurodevelopmental diagnosis (intellectual disability: n = 9, attention
deficit hyperactivity disorder (ADHD): n = 16, language disorder: 42), and n = 30 children no
psychiatric diagnosis but in most cases showing different kinds of special needs due to
developmental delays and adaptive and behavioral problems that were too subtle or vague for
qualify for a diagnosis. The majority of the participants were boys (76%) and of Swedish
ethnicity (59%), i.e. born by a mother of that ethnicity. Neither gender nor ethnicity was
associated significantly with diagnosis. Sample characteristics by ADI-R and ADOS
algorithms are presented in Tables 1 and 2.
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NS

18.50

54.87

16.69

15.72

9.26

15.00

14.66

10.98

.04

F

<.001

<.001

<.001

<.001

.003

<.001

<.001

.001

.837

p

2.4 (1.8)

12.8 (3.2)

14.2 (7.4)

3.5 (2.0)

2.8 (2.5)

7.9 (4.7)

77.2 (8.1)

86.8 (10.9)

41.9 (4.2)

39, 8

ASD

PH21-47

0.7 (0.8)

5.5 (3.3)

8.2 (6.2)

2.0 (1.8)

1.9 (2.4)

4.3 (3.7)

84.2 (9.9)

94.3 (13.4)

41.9 (5.2)

34, 13

NS

33.39

120.30

18.27

14.57

3.59

16.74

13.95

7.53

.00

F

<.001

<.001

<.001

<.001

.061

<.001

<.001

.007

.983

P

NVIQ = Non Verbal IQ, VABC = Vineland-II Adaptive Behavior Composite, ADI-R SA/SC = Autism Diagnostic Interview-Revised Social Affect/Social Communication,
ADI-R RRB = Repetitive and Restricted Behavior, ADI-R IGP/RPI = Imitation, Gestures, and Play/Reciprocal Peer Interaction, ADOS SA = Autism Diagnostic
Observation Schedule Social Affect, ADOS RRB = Repetitive and Restricted Behavior, 12–20/NV21– 47 = all children 12–20 months + nonverbal children 21–47 months,
SW21–47 = children 21–47 months with single words, PH21–47 = children 21–47 months with phrase speech. In the 12-20/NV21-47 group, three children were less 21
months old and NVIQ was available for 43/59 children; SW21-47: NVIQ was available for 49/56 children; PH21-47: NVIQ available for 37/47 children with ASD and
VABC for 46/47 children.

41, 18

Gender
(male,
female)

p

ASD

F

ASD

NS

SW21-47

12-20/NV21-47

Table 1. Sample description by ADI-R developmental cells

19

39

52

72

72

72

72

VIQ

NVIQ

VABC

ADOS SA

ADOS RRB

ADOS SA + RRB

21

20

21

21

21

21

21

Age

VIQ

NVIQ

VABC

ADOS SA

ADOS RRB

ADOS SA + RRB

10.9

1.5

9.8

80.7

81.1

72.4

35.7

20.1

3.4

16.6

68.7

68.1

42.6

5.2

1.3

4.9

7.8

14.2

15.1

7.9

3.9

2.1

2.8

7.3

17.6

27.6

7.2

SD

4-20

0-4

4-17

65-97

65-110

46-102

20-45

10-27

0-8

9-20

51-83

23-94

6-94

21-47

Range

.25
< .001
< .001
< .001
< .001
< .001
< .001

20.1
9.1
42.6
66.7
13.7
76.5

p

1.3

F

Mean

15.1

2.4

12.7

74.8

76.2

60.4

38.3

29

29

29

29

29

28

29

6.4

0.8

5.7

79.3

84.5

73.9

39.0

15, 14

64

64

64

63

52

41

64

50, 14

N

4.2

1.0

3.8

8.2

15.0

14.0

6.5

4.3

1.5

3.8

9.4

14.5

21.6

5.7

SD

1-19

0-4

1-15

66-102

39-114

40-100

25-47

6-24

0-5

5-20

53-100

45-109

10-94

20-47

Range

ADOS Module 1 some words

81.9

29.7

67.7

5.0

6.0

8.5

.3

F

<.001

<.001

<.001

.028

.016

.005

.566

p

15.0

2.5

12.5

78.6

88.2

85.6

42.6

Mean

40

40

40

40

40

40

40

5.9

0.8

5.2

86.0

95.5

90.5

43.1

29, 11

32

32

32

32

28

29

32

25, 7

N

3.8

0.8

3.4

9.2

12.9

17.6

4.4

3.8

1.9

3.2

7.4

10.0

10.0

3.6

SD

0-15

0-3

0-14

65-102

71-132

44-139

29-47

7-22

0-8

6-19

66-95

65-112

65-100

34-47

Range

109.0

26.0

87.7

13.9

6.2

1.7

.3

F

<.001

<.001

<.001

<.001

.015

.199

.603

p

ADOS Module 2, younger than 5 years

Gender (m, f) = male, female; VIQ = Verbal IQ; NVIQ = Non Verbal IQ; VABC = Vineland-II Adaptive Behavior Composite; ADOS SA = Social Affect; ADOS RRB =
Repetitive and Restricted Behavior; ADOS SA + RRB = Total score; Nine children in module 1 NW had a NVMA of 15 months or below.

18, 3

Gender

NS

72

Age

33.6

58, 14

Mean

Gender (m, f)

ASD

N

ADOS Module 1 few to no words

Table 2. Sample description by ADOS module and algorithm.

3.1.4 Study IV
N = 171 children aged 20–47 months with ASD, a subsample of the sample of study III, were
assessed comprehensively by a multidisciplinary diagnostic team. Following assessment, n =
127 (77 % boys) children (n = 68 with autistic disorder and n = 59 with PDD-NOS) were
included in the analyses. Inclusion criteria were, besides a clinical DSM-IV-TR diagnosis of
ASD, available assessment results from cognitive testing for NVIQ, the ADI-R, the ADOS
and the VABS-II Survey Interview. See Table 3 for more details.

Table 3. Sample characteristics.
Mean (SD)

Range

Age at diagnosis (months)

37.7 (6.7)

20–47

NVIQ

75.4 (16.7)

23–112

VIQ

61.3 (27.3)

6–100

Vineland-II ABC

73.7 (8.7)

54–100

Communication

73.8 (13.7)

42–113

Daily Living Skills

77.8 (9.8)

52–107

Socialization

72.1 (9.0)

53–105

Motor Skills

83.6 (10.6)

56–111

ADOS-2 SA CS

7.3 (1.8)

3–10

ADOS-2 RRB CS

6.4 (2.3)

1–10

ADOS-2 Total CS

7.0 (1.7)

2–10

12-20/21-47 months Non verbal (n = 41)

12.2 (5.2)

2–22

21-47 months Some words (n = 49)

11.9 (6.1)

1–27

21-47 months Phrases (n = 37)

12.8 (6.9)

2–26

ADI-R

Note. N = 127, (n= 29 girls, n = 98 boys); NVIQ = Non Verbal IQ; VIQ = Verbal IQ; Vineland-II ABC =
Vineland Adaptive Behavior Scales, 2nd edition, composite score; ADOS-2 SA CS = Autism Diagnostic
Observation Schedule, 2nd edition, Social Affect Comparison Score; ADOS-2 RRB CS = Restricted and
Repetitive Behavior; ADI-R = Autism Diagnostic Interview-Revised; 12-20/21-47 months Non-verbal =
research algorithm of the ADI-R for children aged 12-20 and non-verbal children aged 21-47 months; 21-47
months Some words = children aged 21-47 months and using some words functionally; 21-47 Phrases = children
aged 21-47 months using functional phrase speech.
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3.2

PROCEDURE

3.2.1 Study I
Participants were recruited from clinical routine of two child and adolescent psychiatry
outpatient departments in Sweden between 2011 and 2014. Their caregivers were
administered the ADI-R, and video-recorded, by a research reliable interviewer employed at
the units as part of a regular clinical routine diagnostic evaluation. Ten psychologists and one
pediatrician from 7 different clinical outpatient units and one clinical research center from all
over Sweden participated in the study. Owing to the influx rhythm of video recorded
interviews and the availability of raters, the eleven raters scored between 1 and 9 interviews.
ADI-R expertise and experience of using the interview varied substantially. Four of the 11
raters were research reliable and certified ADI-R trainers, the other seven raters had basic
clinical training on the instrument. Each of the ADI-R video recorded administrations on the
10 participants was rated by five independent raters, i.e. 50 rated ADI-Rs in total. Raters were
blind for diagnostic status in all but 4 ratings, which were the scores from the original ADI-R
clinical assessment administration. One brief initial calibration meeting was the only
preparation prior to the current study of ADI-R objectivity, as the intention of this research
was to investigate the spontaneous interrater reliability of the ADI-R in everyday clinical use.
3.2.2 Study II
Participants were recruited from clinical routine of several child and adolescent psychiatry
outpatient departments or specialized neuropsychiatric units in Sweden between 2011 and
2014 and administered a videotaped ADOS as part of regular clinical routine diagnostic
evaluation. Fourteen psychologists and one pediatrician from 13 different clinical centers and
one research center from all over Sweden participated in the study. The combination of
inflow of video recorded administrations and disposable raters, the 13 clinicians rated
between 1 and 8 administrations of modules 1 and 2, respectively, and between 1 and 7
administrations in module 3, while 15 clinicians rated between 1 and 6 administrations of
module 4. ADOS expertise and experience of administering the measure varied substantially.
Three of the 15 raters were research reliable and certified ADOS trainers, the other 12 raters
had attended ADOS basic clinical training. Each of the in total 40 videotaped ADOS
administrations was rated by five independent raters, i.e. 50 ratings for each module. Four of
five raters were blind for diagnostic status of the individual examined with the ADOS, while
the fifth rater was the clinician who originally had examined the participant in clinical
practice. Two brief calibration meetings prior to the study were scheduled, as the intention
was to investigate the spontaneous or “true” interrater reliability of the ADOS in everyday
clinical use.
3.2.3 Studies III and IV
Participants were referred to the Neuropsychiatric Resource Team Southeast, Child and
Adolescent Psychiatry, Stockholm County Council between 2006 and 2012 due to unclear
21

developmental concerns, for instance, language delay or global developmental delay,
interaction difficulties, internalizing or externalizing behavior problems. The unit is a
multidisciplinary diagnostic specialist outpatient clinic and part of the public health care
serving preschool children below 48 months of age (~ 60 children/year). All children
underwent a comprehensive developmental assessment routine by a multidisciplinary team
consisting of child psychiatrists, psychologists, and social workers including history taking by
a child psychiatrist, a psychologist testing the child’s cognitive abilities and assessing his/her
adaptive functioning through the Vineland-II survey interview. Furthermore, one of the team
members spent half a day observing the child at his/her preschool as well as interviewing the
staff. The ADOS was administered by a formally clinically trained or research reliable
examiner and routinely observed by an additional ADOS trained team member, both coding
independently and reaching consensus after discussion. The ADI-R was administered and
coded by any of the team members not being familiar with the child and not taking part in the
diagnostic clinical consensus discussion. Two of the authors of this study are certified ADI-R
and ADOS trainers. All available information, results and observational data from the
assessments were discussed by the team having seen the child and his or her parents to
generate a clinical consensus diagnosis according to DSM-IV-TR.
In study IV, the ADOS and the ADI-R were used to assess the presence of the ASD
symptomatology according to DSM-5 following the same method as Huerta et al. (2012).
Relevant items from both instruments were combined and plotted on the ASD criteria and the
presence of a symptom was defined as a score of at least one on a relevant item on any of the
instruments. For criterion A, indices for the three groups of the criterion were created by
combining items from the ADOS and the ADI-R (A1-3: deficits in social-emotional
reciprocity, deficits in nonverbal communicative behaviors and deficits in developing,
maintaining, and understanding relationships). To fulfill the A criterion of DSM-5,
documented symptoms (score ≥ 1) on any of the three groups were required as it is not clear
that all three parts of the A criterion are required to fulfill the criterion (‘‘by the following’’)
according to DSM-5. For the B criterion (restricted and repetitive behavior), the same type of
indices as for the A criterion were created for the four different groups of the criterion (B1-4:
stereotyped and repetitive behaviors, insistence on sameness, strong interests and sensory
issues). To fulfill the B criterion of DSM-5, documented symptoms from at least two of the
four groups were required. Ninety-one percent of the children (115/127) exhibited symptoms
on the ADOS and/or the ADI-R to fulfill the DSM-5 A and B criteria. The three parts of
criterion A (clear symptoms documented by the ADOS and/or the ADI-R) were fulfilled by
all 127 children. Criterion B (clear symptoms documented by the ADOS and the ADI-R from
at least two of the four parts of the criterion) was fulfilled by 115 children; n = 10 had one
symptom (n = 8 with PDD-NOS) and n = 2 had none (both had PDD-NOS).
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3.3

MEASURES

3.3.1 The ADI-R and language
In studies I, III and IV, the Swedish translation of the ADI-R (Rutter et al., 2003) was
administered. The ADI-R is a standardized, investigator-based diagnostic caregiver interview
developed in research settings in the US, Canada and the UK and translated into almost 20
languages. The majority of the ADI-R items cover specific behaviors associated with ASD
and operationalize the diagnostic criteria of infantile autism/autistic disorder according to
ICD-10/DSM-IV. The standard version was designed and validated for individuals with a
mental age of at least 24 months up to adulthood to be used in the evaluation of suspected
ASD. There are now even revised diagnostic algorithms of the ADI-R available for children
from 12 to 47 months of age with a mental age of at least 10 months (S. H. Kim & Lord,
2012b). The ADI-R comprises 93 items and 153 ratings (most items are scored for “current”
as well as “ever” or “most abnormal 4-5 years” period) and is organized in six sections: early
development, acquisition and loss of language/other skills, language and communication
functioning, social development and play, interests and behaviors and general behaviors.
Each of the 12 behavioral diagnostic criteria of ASD in ICD-10/DSM-IV are operationalized
in the ADI-R by 2 to 5 items resulting in a relatively time consuming measure, administration
time is typically 90-180 minutes, but also potentially reliable (Rutter et al. 2003, p. 40). The
interviewer elicits detailed behavioral descriptions of the individual in question from the
caregiver through a set of verbatim questions and prompts to use. The items are typically
scored from 0 to 3, where “0” indicates that a specified behavior is/was not present, scores of
“2” and “3” reflect definite prototypic and severe ASD symptomatology, and “1” prototypic
but mild symptomatology. The same interview questions are utilized regardless of age, but to
control for age and language effects described earlier on ASD symptomatology, the
assessment of symptoms are made using information for different time periods (most often 45 years) and different diagnostic algorithms are applied according to the individual’s age and
language level. The standard diagnostic algorithms of the ADI-R are made up of
combinations of 33 to 42 of the most diagnostically discriminating items/ratings of the
interview depending on age and language level of the patient. They are organized in four
sections consistent with the diagnostic definition of autism in ICD-10/DSM-IV and have
separate diagnostic cutoffs for each of the sections: Qualitative abnormalities in reciprocal
social interaction (RSI), qualitative abnormalities in communication (COM), restricted and
repetitive patterns of behavior (RRB) and abnormality of development evident at or before 36
months. The three new research algorithms for toddlers combine 13 to 20 items, also
according to age and language level, and are composed of three sections: Social Affect
(SA)/Social Communication (SC), Restricted and Repetitive Behavior (RRB), and Imitation,
Gestures, and Play (IGP)/Reciprocal Peer Interaction (RPI). They have one single diagnostic
cutoff for the algorithm total, which makes the structure of these algorithms consistent with
the revised ADOS-2 algorithms and with DSM-5.
In study III, the new research algorithms (S. H. Kim & Lord, 2012b) were applied. The
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different research algorithms depend on the child’s age and expressive language: children
aged 12–20 months and those aged 21–47 months without speech (12-20/21-47NV), children
aged 21–47 months using single words (SW21-47), and children aged 21–47 months with
developed phrase speech (PH21-47). For each algorithm, different item combinations are
used to generate a single total. For the NV and SW groups, only the SA and RRB domains
are combined to generate totals (NV: 13 items and SW: 16 items), while for the PH group,
the SC, RRB and RPI domains (20 items) are combined to form the algorithm total. There is
a clinical lower cutoff, optimizing sensitivity, and a higher research cutoff, optimizing
specificity, as well as ranges of concern (little-to-no, mild-to-to moderate, and moderate-tosevere). In study III, n = 72 participants fell into the NV group (three of them were aged < 21
months), n = 88 into the SW group, and n = 94 into the PH group. In the NV group, VIQ
correlated significantly with the different ADI-R domain totals (r = −.45 to −.50, p < .005)
and age correlated with both the total score and the SA domain score (r = −.34, p ≤ .004). No
other participant characteristics (age, VIQ, and NVIQ) and domain totals correlated
significantly or r > .40.
In study IV, the assessment of the DSM-5 specifier language impairment was made based on
item 30 of the ADI-R in which the child’s current level of functional language is evaluated.
Children between 20 and 35 months of age had to use more than five different words
functionally on a daily basis (item scores = 0 and 1) while children between 36 and 47
months of age had to use functional phrase speech (item score = 0) in order to be considered
having typical language development. According to this evaluation n = 76 children (60 %,
n = 56 boys) were estimated having language impairment.
The psychometric properties of the ADI-R are well-documented in research contexts among
highly trained so-called research reliable raters. The diagnostic validity of the ADI-R have
been evaluated in different age groups in many studies, with reported sensitivities and
specificities between 80 and to over 90% (de Bildt et al., 2013; de Bildt et al., 2004; Gray,
Tonge, & Sweeney, 2008; Le Couteur, Haden, Hammal, & McConachie, 2008; Le Couteur et
al., 1989; Lord et al., 1997; Lord, Rutter, & Le Couteur, 1994; Mazefsky & Oswald, 2006;
Papanikolaou et al., 2009; Sappok et al., 2013). For toddlers, using the clinical cutoffs of the
new research algorithms, Kim and colleagues reported sensitivities for ASD versus NS
disorders between 85% and 90% in the NV group, 94%–97% in the SW group, and 80%–
89% in the PH group, while specificities ranged from 64% to 94% in the NV group, from
58% to 83% in the SW group, and from 70% to 94% in the PH group (S. H. Kim & Lord,
2012b; S. H. Kim et al., 2013), while de Bildt et al. (2015) in a large European multicountry
study (N = 1104) reported sensitivities from 72% to 82% in the NV group, 73%–85% in the
SW group, and 48%–64% in the PH group, and specificities from 84% to 98% in the NV
group, from 59% to 79% in the SW group, and from 73% to 87% in the PH group. Studies on
high-functioning adolescents (Gilchrist et al., 2001) and adults with ASD (Howlin, Moss,
Savage, & Rutter, 2013) have also demonstrated that the ADI-R accurately identifies the
majority of individuals with ASD, but without providing sensitivities and specificities. The
factorial validity of the ADI-R has been explored and yielded different three factor solutions
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explaining 38-50.5% of the item variance (Bölte & Poustka, 2001; Lecavalier et al., 2006;
Tanguay, Robertson, & Derrick, 1998). Internal consistency of ADI-R domains ranged from
a Cronbach’s α of .79 to .95 for RSI, .76 to .84 for COM, and from .35 to .69 for RRB
(Lecavalier et al., 2006; Lord et al., 1994). Finally, test-retest reliabilities of algorithm items
have also been reported to be ĸw [weighted kappa] = .72 on average by Lord and colleagues
(Lord et al., 1994), and ĸw = .49 for RSI, .51 for COM and .40 for RRB items in Hill et al.
(Hill et al., 2001), and in the latter study, stability ranged from ĸ = .82 to .91 for domain
cutoffs and was ĸ = .76 for overall diagnostic classification.
In regards to objectivity or interrater reliability, excellent results on item level has been
reported for the ADI-R in several studies with ĸw often above .60 and percent exact
agreement [PA] exceeding 90% (Cicchetti, Lord, Koenig, Klin, & Volkmar, 2008, 2014; Hill
et al., 2001; Howlin et al., 2013; Le Couteur et al., 1989; Lord et al., 1994; Lord et al., 1993;
Poustka et al., 1996; Tsuchiya et al., 2013). For diagnostic criteria as they are operationalized
by the ADI-R, the interrater reliability is generally excellent with Intraclass Correlation [ICC]
coefficients of .93 to .96 (Lord et al., 1994), .82 to .96 (Tsuchiya et al., 2013) and .52 to .89
(Poustka et al., 1996), as well as for domain totals where ICCs range from .94 to .97 (Le
Couteur et al., 1989) and .59 to .87 (Chakrabarti & Fombonne, 2001). The interrater
reliability of diagnostic classification has been reported by Chakrabarti and Fombonne
(Chakrabarti & Fombonne, 2001): 81.6-92.1% and Hill et al. (Hill et al., 2001): ĸ = .74-.82.
3.3.2 The ADOS and symptom severity
The Swedish translation of the ADOS (Lord et al., 1999) applying the revised algorithms
included in the ADOS-2 (Gotham et al., 2007; Lord et al., 2012) was administered in studies
II-IV. The ADOS is a standardized expert direct observation scale developed in the US,
Canada and the UK but used internationally and translated into at least 20 languages. It is
designed to sample important social-communicative behaviors as well as any stereotypic and
repetitive behavioral features according to the ICD-10 and DSM-IV/-TR/-5 criteria for
autism/ASD in an ongoing semi-structured interaction between the assessed person and the
examiner. The ADOS is appropriate for individuals with a suspected ASD from a mental and
chronological age of at least 12 months up to adults through its systems of 5 different
modules (sets of activities and tasks) and 8 algorithms (scoring procedures) designed to
minimize the influence of language and age on the manifestation of ASD symptomatology.
The administration of the ADOS typically takes around 45 minutes. Module 1 is conceived
for children without fluent phrase speech, and two different algorithms are used depending on
the expressive language level: one if the child uses few to no words (module 1 few to no
words), the other if the child uses some words (module 1 some words). For children between
12 and 30 months of age on the same expressive language level, the new toddler module is
now available (Lord et al., 2012; Luyster et al., 2009). Module 2 fits for children who use
phrases consistently but not yet in a complex way (below the expressive language level of a
typical 4 year old). Module 2 has two algorithms as well but this time depending on the
child’s age: below 5 years or 5 years and older. Module 3 and 4 is designed for children,
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adolescents and adults with fluent and complex speech. Module 3 is recommended from 3 to
approximately 16 years and module 4 from younger adolescence to adulthood. Both modules
are scored using one algorithm each. Each criterion of the ICD-10/DSM-IV, according to the
operationalization of Huerta and colleagues (2012) is represented by 1 to 7 items on the
ADOS but four of the 12 criteria lack representation at all on the ADOS, mostly for modules
1 and 2, while for DSM-5 only two criteria for modules 1 and 2 lack. All items of the ADOS
are typically coded from 0 (no abnormality related to autism/as specified) to 2 (definite
evidence of abnormality) and sometimes 3 (profound severity). In the revised ADOS/ADOS2 algorithms, items from the Social Interaction and Communication domains have been
restructured to form the SA domain. The RRB domain, not part of the original algorithm
scoring, has been added. Each module consists of 29 to 41 items from which a selection of
the 14 most diagnostically informative items form the algorithm except for the revised
module 4 that has 15 items (Hus & Lord, 2014). The algorithm totals are compared against
cutoffs for the ADOS/-2 classifications of autism and autism spectrum except for the toddler
module that has three different “ranges of concern” instead of an ADOS-2 classification. An
ADOS/-2 classification is not necessarily equivalent to a clinical diagnosis.
In study II, the totals and the classifications for all algorithms of modules 1-3 of the ADOS-2
were used in the analyses as well as those of the revised algorithm for module 4 (Hus & Lord,
2014) but not the toddler module. Only the lower autism spectrum classification cutoff of the
ADOS was used in the analyses, i.e. all individuals with any ASD as a group were tested
against the autism spectrum cutoff.
In studies III and IV, the toddler module, module 1 (few to no words and some words
algorithms), module 2 (younger than 5 years algorithm), and module 3 (study III) were
applied. In study III, n = 5 children were given the toddler module, n = 93 module 1 few to no
words algorithm, n = 93 module 1 some words algorithm, n = 72 module 2 (< 5 years
algorithm), and n = 2 module 3. The correlations between age, VIQ and NVIQ and ADOS
domain totals were r ≤ -.40 in most cases. In module 1 few to no words, the correlation of
VIQ and NVIQ and the ADOS total score was r = -.47 (p < .001) and in module 1 some
words, VIQ and the ADOS total and SA domain totals was r = -.41 (p < .001) in both cases.
The correlation between age and domain totals was r ≤ -.21 in all modules.
In study IV, n = 48 children were administered a module 1 few to no words algorithm, n = 51
module 1 some words algorithm, and n = 28 module 2 below 5 years algorithm. Symptom
severity was measured with the ADOS-2 CS (Hus, Gotham, & Lord, 2014; Lord et al., 2012).
The CS is based on the totals of the SA and RRB domains and quantifies ASD symptom
severity as it appears during the ADOS-2 administration corrected for age and language level.
CS ranges from 1 (low) to 10 (high), with scores of 1–3 being below the autism spectrum
cutoff, and scores of 4–10 being above the autism spectrum cutoff.
The psychometric properties of the ADOS are well-documented and a variety of studies, most
often from research contexts among highly trained research reliable examiners, have reported
on diagnostic validity in different mixed groups with sensitivities and specificities around
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90% and above (Bastiaansen et al., 2011; Bölte & Poustka, 2004; de Bildt, Sytema, Meffert,
& Bastiaansen, 2015; de Bildt et al., 2009; Gotham et al., 2008; Gotham et al., 2007; Gray et
al., 2008; Hus & Lord, 2014; S. H. Kim & Lord, 2012a; Klein-Tasman, Risi, & Lord, 2007;
Le Couteur et al., 2008; Lord et al., 2000; Oosterling et al., 2010). The revised algorithms of
module 1 and 2 included in ADOS-2 and used in study III and IV have been evaluated in two
large US research samples (Gotham et al., 2008; Gotham et al., 2007) and two Dutch research
samples (de Bildt et al., 2009; Oosterling et al., 2010). In Gotham et al. (2008; 2007),
sensitivities for module 1 (few to no words and some words) and module 2 (< 5 years of age
algorithm) ranged from 86% to 98%, whereas specificities were 80% to 100% using the
autism cutoff for autism only versus NS. The diagnostic validity for non-autism ASD versus
NS was generally lower. In the Dutch samples, specificities and particularly sensitivities were
generally lower than in the US studies, and Oosterling et al. (2010) reported for example
sensitivities of 61-93% and specificities of 70-86% for ASD versus NS for module 1 (few to
no words and some words) and module 2. The revised algorithms have also been used in
clinical settings, for instance by Gray et al. (2008) in Australia for the comparison between
autism versus non-autism ASD plus NS using the autism cutoff where sensitivities for
module 1 (few to no words and some words) ranged between 89% and 98% and specificities
between 82% and 86%, thus comparable to those found in US research samples for the
comparison autism excluding non-autism ASD versus NS. ASD versus NS using the autism
spectrum cutoff yielded somewhat lower sensitivities (78-92%) and specificities (86-92%). In
a US clinical sample using the autism cutoff for the comparison autism versus NS, Molloy et
al. (2011) reported sensitivities of 63-83% and specificities 65-81%, while sensitivities for
ASD versus NS were 76-98% and specificities 29-60% for module 1 few to no words and
some words as well as module 2 younger than 5 years.
All studies from both research settings and clinical practice that evaluated the performance of
modules 1-2 examined children of a large age range (13-144 months) without an explicit
separate analysis of young children, which makes the diagnostic accuracy of the ADOS in
children aged less than 48 months basically unknown. The validity of the ADOS has also
been examined with exploratory and confirmatory factorial analyses, which have yielded a
two factor solution (SA and RRB) as the most efficient way of explaining the item variance
(Gotham et al., 2007, 2008; Hus & Lord, 2014; Oosterling et al., 2010). Internal consistency
of ADOS domains ranged from a Cronbach’s α of .84 to .92 for SA and .51 to .66 for RRB
for modules 1-3 (Gotham et al., 2007; Hus & Lord, 2014) and for module 4, .75 and .85 for
communication and reciprocal social interaction respectively as well as .47 for RRB (Lord et
al., 2012). Test-retest reliabilities for domain totals on average for modules 1-3 have been
reported to be ICC = .89 for SA, .74 for RRB and .90 for overall totals (Lord et al., 2012).
In regards to objectivity or interrater reliability, Lord and colleagues have demonstrated the
feasibility of reaching substantial levels of interrater reliability for groups of well-prepared
raters on item level already in regards to the pre-published versions of the ADOS (ĸw between
.58 and .92) (Lord et al., 1989) and the PL-ADOS (ĸw = .60-1.00) (DiLavore, Lord, & Rutter,
1995). The most comprehensive interrater reliability study of the ADOS to date was
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conducted during the development of the first published version of the ADOS (Lord et al.,
1999). Twelve raters were assessing n = 98 individuals (n = 20-29 per module) on item level
and the interrater reliability was analyzed using ĸw and PA. For module 1, all but one item
had a ĸw > .60 (ĸw = .55-1.00, median = .78), most items of module 2 had a ĸw > .50 (ĸw = .38.93, median = .65), and many items of module 3 and 4 had a ĸw > .60 (module 3: ĸw = .461.00, median = 61; module 4: ĸw = .41-.93, median = 60). The interrater reliability of domain
totals for Social Interaction was ICC = .93, .84 for Communication, .92 for Reciprocal Social
Interaction and Communication combined and .82 for Stereotyped Behaviors and Restricted
Interests for all modules pooled. Classification was assessed using PA: Module 1: 93%,
module 2: 87%, module 3: 81% and module 4: 84% exact agreement when all participants
(both with autistic disorder and PDD-NOS) were included, but PA was higher if individuals
with PDD-NOS were excluded (90-100%). Additional interrater reliability data from another
subsample of the dataset of 1999/2000 and the same 12 raters for domain totals and
classification of the revised algorithms have been published in the ADOS-2 manual (Lord et
al., 2012). ICC for SA of module 1 was .97 (n = 63), .98 for module 2 (n = 50) and .92
(n = 66) for module 3. RRB had ICCs of .79, .80 and .91 for modules 1, 2 and 3, while the
ICCs of the overall totals were .97, .96 and .94. The interrater reliability of classification for
modules 1 to 3 from still another subsample of the same dataset as above was 95% for
module 1 (n = 46 autism; n = 13 non-spectrum), 98% for module 2 (n = 28 autism; n = 6 nonspectrum) and 92% (n = 46 autism; n = 1 autism spectrum). All the twelve contributing
examiners in this study were thoroughly trained, had reached research reliability and also
took part in weekly coding meetings with continuous and systematic checks of the interrater
reliability. Apart from the ADOS authors, Bölte and Poustka (2004) have reported on
interrater reliability from a genetics research project in Germany. Twelve individuals with
autistic disorder (three for each module) were independently assessed by five raters and the
interrater reliability of classification was ĸw = 1.00. In the Netherlands, Bastiaansen and
colleagues (2011) evaluated the interrater reliability of module 4 in a sample of n = 38 with
high-functioning ASD, n = 18 with schizophrenia, n = 16 with psychopathy, and n = 21 with
typical development (N = 93). Each participant was rated by two raters from a pool of five
research reliable psychologists, continuously calibrating themselves (de Bildt, Sytema,
Meffert, et al., 2015). Mean ĸw was .66, with ĸw > .60 for 14 of the 21 items and none
ĸw < .50. The interrater reliability for domain totals ranged from ICC = .79 (Communication)
to .92 (Reciprocal Social Interaction as well as the overall total). The interrater agreement of
classification was ĸ = .73 and PA = 89.2% using the lower autism spectrum cutoff and
dividing the sample dichotomously in ASD/non-ASD groups.
3.3.3 IQ and intellectual disability
In all studies, Merrill-Palmer-R (Roid & Sampers, 2005), Wechsler Preschool and Primary
Scales of Intelligence–Third Edition (Wechsler, 2004), or Mullen Scales of Early Learning
(Mullen, 1995) were used to measure NVIQ and VIQ. In study I and II, Wechsler Intelligence
Scale for Children-Fourth Edition (Wechsler, 2003) and Wechsler Adult Intelligence ScaleFourth Edition (Wechsler, 2008) was also used. In study III and IV, VIQ and NVIQ were
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calculated by averaging the age equivalents of the nonverbal subtests (Visual Reception and
Fine Motor (Mullen) and Cognitive and Fine Motor (Merrill-Palmer-R)), and the verbal
subtests to obtain mental age, which was divided by chronological age and multiplied by 100.
In study IV, these tests and procedure were used to measure intellectual impairment that was
defined as NVIQ < 70. Previous studies showed that IQ and adaptive functioning in
individuals with ASD were strongly positively associated (Bölte & Poustka, 2002; Klin et al.,
2007). In the current study, n = 44 (35 %) of the children (n = 33 boys) scored in the
intellectual impairment range, which is proportional to the distribution of IQ in ASD in the
region of the study (Idring et al., 2015).
3.3.4 Adaptive functioning and impairment
To measure adaptive functioning in studies III and IV, the VABS-II Survey Interview
(Sparrow et al., 2005) was used, a structured caregiver interview that assesses age appropriate
self-sufficiency skills. It provides norms across a large age range (birth to 90 years), has
demonstrated excellent reliability and validity, and sensitivity to functioning difficulties in
young children with ASD (Paul, Loomis, & Chawarska, 2011; Perry, Flanagan, Dunn Geier,
& Freeman, 2009; Ray-Subramanian, Huai, & Ellis Weismer, 2011). The items of the VABSII compose four domains: Communication, Daily Living Skills, Socialization and Motor
Skills that are further condensed to an Adaptive Behavior Composite score (VABC). In study
III, we applied this VABC summary score of the VABS to describe functional level of the
participants (Table 1 and 2). Levels of adaptive functioning in ASD were generally lower
than in NS.
In study IV, the summary VABC score was also chosen to operationalize impairment (or
functioning) and as the most adequate proxy for the concept of impairment in DSM-5 as a
global composite across contexts. There are several good reasons for using a global
composite notwithstanding DSM-5 request for “clinically significant impairment in social,
occupational, or other important areas of current functioning” and findings of uneven
adaptive profiles in ASD. Firstly, DSM-5 endorses the use of a global impairment construct,
for example by recommending the WHODAS [likewise DSM-IV recommended the global
measures Global Assessment of Functioning [GAF] (APA, 1994, 2000) and Children’s
Global Assessment Scale [C-GAS] (Shaffer et al., 1983)] or stating that symptoms ‘‘limit or
impair everyday functioning’’ (APA, 2000, p. 53). Secondly, following the DSM-5 logic of
the separation of symptomatology from its consequences, i.e. impairment/dysfunction, it
seems reasonable to treat impairment as a global construct rather than a composition of
domains, of which at least two (socialization and communication) seem to repeat ASD
symptomatology criteria (Goldstein & Naglieri, 2009; Rapee, Bőgels, van der Sluis, Craske,
& Ollendick, 2012; White, Smith, & Schry, 2014). Thirdly, the composite score in our
sample adequately reflects the even adaptive domain profile found in many previous studies
of young children with ASD reviewed below. Different thresholds have been applied to
designate impairment when using normed instruments (Bernier, 2012; Bolduc et al., 2011;
Gathje, Lewandowski, & Gordon, 2008; Goldstein & Naglieri, 2009; Majnemer et al., 2012;
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Naglieri, 2009; Ness et al., 2012; Papazoglou, Jacobson, & Zabel, 2013). We defined
impairment using the three most commonly proposed thresholds: mild impairment cutoff was
defined as an VABC of 1 SD below the mean (≤ 84 standard score), moderate impairment as
1.5 SDs below the mean (≤ 77 standard score), and severe impairment as 2 (≤ 69 standard
score) SDs below the mean.
In ASD, previous research has consistently indicated significant deficits in adaptive
functioning already in early childhood (Harris, Handleman, Belchic, & Glasberg, 1995; Nah,
Young, Brewer, & Berlingeri, 2014; Park, Yelland, Taffe, & Gray, 2012; Paul et al., 2011;
Perry et al., 2009; Ray-Subramanian et al., 2011; Sutera et al., 2007). The same is even truer
for older children, adolescents and adults (Bölte & Poustka, 2002; Fenton et al., 2003; Klin et
al., 2007; Kraijer, 2000 for a a review of older studies; Liss et al., 2001; Paul et al., 2004;
Szatmari, Bryson, Boyle, Streiner, & Duku, 2003; Tomanik, Pearson, Loveland, Lane, &
Bryant Shaw, 2007). In general, adaptive functioning is comparably lower than IQ in
individuals with average IQ but higher in individuals with below average IQ, and lower
compared to IQ- and age-matched individuals (Bölte & Poustka, 2002; Klin et al., 2007;
Perry et al., 2009). On a group level, individuals with ASD often exhibit an adaptive profile
with the lowest scores on Socialization followed by Communication, Daily Livings Skills and
Motor Skills (Klin et al., 2007; Kraijer, 2000; Perry et al., 2009; Saulnier & Klin, 2007).
However, this pattern has not been identified consistently among younger children where the
reported domain profile has been found to be rather even and therefore better reflected by the
composite score (Fulton, Eapen, Crncec, Walter, & Rogers, 2014; Paul et al., 2004; Perry et
al., 2009; Ray-Subramanian et al., 2011; Sutera et al., 2007). In previous studies,
chronological age has commonly been substantially negatively associated with the level of
adaptive functioning (Kanne et al., 2011; Klin, Saulnier, Chawarska, & Volkmar, 2008; Klin
et al., 2007; Szatmari et al., 2003).
3.4

STATISTICS

In studies I and II, the interrater reliability of items and totals was analyzed using the G(q,k)
estimator, calculated with the SAS macro G(q,k) provided by Putka et al. (2008). As the
design in both studies was neither fully crossed nor nested (i.e. Ill-Structured Measurement
Design [ISMD]) (Putka, Le, McCloy, & Diaz, 2008), the necessary assumptions for the most
commonly used statistical methods like ĸw for multiple users and ICC were not fulfilled or
their applicability incompletely described for the current design (Conger, 1980; Hallgren,
2012; Putka et al., 2008). The G(q,k) estimator used here estimates the rater main effect
separately from the rater-subject interaction in unbalanced designs (Cicchetti & Sparrow,
1981; Putka et al., 2008) to produce coefficients comparable to ICC, and has been described
as a modified ICC (1, k) (Shavelson & Webb, 2006). In ISMDs, it has been demonstrated that
the G(q,k) estimator generates a more correct estimate of interrater reliability than ICC, and
specifically to prevent from the risk of underestimating interrater reliability (Cicchetti &
Sparrow, 1981; Putka et al., 2008). Like previous studies on the ADI-R (Le Couteur et al.,
1989; Lord et al., 1994; Poustka et al., 1996; Tsuchiya et al., 2013) and the ADOS (Lord et
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al., 1999; Lord et al., 2012), scores of 3 were converted to 2 in the analyses except for item
A1 of the ADOS (“Overall Level of Non-Echoed spoken Language”) where the scores of 0 to
4 were kept. Scores indicating “not applicable” (for example 7 and 8) were treated as missing
values. Items that had fewer than three ratings other than zero were excluded from the
analyses. Fleiss’ ĸ for multiple raters (Fleiss, 1971) and Cohen’s ĸ (Cohen, 1960) were used
to analyze the interrater reliability for the diagnostic classification. PA, i.e. the number of
agreements divided by the total number of observations, was used to estimate the interrater
agreement for items and diagnostic classification (de Vet, Terwee, Knol, & Bouter, 2006).
For the interpretation of the clinical significance of the interrater reliability coefficients,
coefficients below .40 were considered as poor, .40–.59 as fair, .60-.74 as good and above
.75 as excellent (Cicchetti, 1994). For PA, 70-79% agreement was evaluated to be fair, 8089% good and above 90% excellent (Cicchetti, Volkmar, Klin, & Showalter, 1995).
In study III, diagnostic validity was determined by calculating sensitivity and specificity with
95% confidence intervals [CI] using the Wilson score method (Newcombe, 1998). Moreover,
classification accuracy (% correctly diagnosed) and positive likelihood ratios [LR+] for
different combinations of single and combined use of the ADI-R and the ADOS compared to
clinical consensus diagnosis were calculated. The sample was divided into the developmental
groups according to the new ADI-R research algorithms (NV, SW, and PH) when analyzing
ADI-R data, ADI-R/ADOS combined, and according to the different ADOS algorithms
(module 1 few to no words, module 1 some words and module 2 younger than 5 years) when
analyzing the ADOS data alone in order to facilitate comparison with previous research. No
separate analyses for the toddler module (n = 5) and module 3 (n = 2) were conducted. To
examine the discriminative properties of the instruments, receiver operating characteristics
[ROC] statistics with area under the curve [AUC] were computed for all developmental
groups of the ADI-R and algorithms of the ADOS. To assess the agreement between the two
instruments, Pearson’s correlation coefficients between domain and total scores of the ADI-R
and the ADOS were calculated. Fischer’s Z transformation was used to analyze correlation
coefficients differences (Cohen & Cohen, 1983). Categorical agreement between the ADI-R,
ADOS, and clinical consensus diagnosis was determined by κ. Characteristics of correctly
and misclassified children as well as the differences of total scores on the ADI-R and the
ADOS between groups were analyzed with Bonferroni post hoc tests. Cohen’s d was used to
calculate effect sizes.
In study IV, percentages were calculated to examine the proportion of children with a DSMIV-TR diagnosis that would fulfill or not fulfill the DSM-5 impairment criterion. The
proportions of children with a DSM-IV-TR defined autistic disorder or PDD-NOS as well as
with an incomplete DSM-5 ASD symptomatology according to our definition were compared
with χ2-statistics. The association of the different specifiers (symptom severity, intellectual
and language impairment) and other variables (age and gender) with each level of impairment
status, was analyzed with multiple logistic regression, adjusting for all the specifiers/factors at
the same time, i.e. entered in a block in a single step. An α level of .05 was adopted (2-sided
for the χ2-analyses) for all analyses.
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3.5

ETHICAL CONSIDERATIONS

All studies were approved by the Regional Board of Ethical Vetting, Stockholm, and for
studies I-II, all caregivers had provided written consent of participation. All participants in
the objectivity, diagnostic validity and impairment criterion studies have either participated in
the studies as a part of a standard clinical evaluation at an outpatient clinic or within the
framework of another research project. In no case, the testing, observations or interviewing
has been carried out as an additional activity for any of the participants. Only anonymous
data were used in the analyses. Therefore, there has been no direct advantage of participating
in the studies but minimal risk as well.
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4 RESULTS
4.1

STUDY I

The interrater reliability and agreement of all the individual algorithm items per domain were
•
•

RSI: G(q,k)median = .98, range: .90-1.00, PAmedian = 83%, range: 63-96%
COM: G(q,k)median = .97, range: .91-.98, PAmedian = 85%, range: 69-100%

•
•

RRB: G(q,k)median = .94, range: .88-.96, PAmedian = 79.5%, range: 71-100%
the onset items: G(q, k)median = .96, range: .86-1.00.

The interrater reliability of the diagnostic criteria operationalizing ICD-10/DSM-IV criteria
and ADI-R domains were
•
•

RSI criteria ranged from G(q,k) = .96 to .99, RSI domain: G(q,k) = .99
COM criteria ranged from G(q,k) = .96 to 1.00; COM domain: G(q,k) = .98

•
•

RRB criteria ranged from G(q,k) = .91 to .97; RRB domain: G(q,k) = .97
Onset criteria: G(q,k) = .95.

The interrater reliability and agreement of diagnostic classification, i.e. both for each domain
separately and the overall diagnostic classification were
•
•

RSI: ĸFleiss = .87, ĸCohen = .93, and PA = 94%
COM: ĸFleiss = .88, ĸCohen = .94, and PA = 96%

•
•
•

RRB: ĸFleiss = .50, ĸCohen = .76, and PA = 84%
onset: ĸFleiss = .65, ĸCohen = .83, and PA = 86%
overall: ĸFleiss = .68, ĸCohen = .83, and PA = 84%.

4.2

STUDY II

The interrater reliability and agreement of all the individual algorithm items were
•
•

module 1: G(q,k)median = .83, range: .23-.94, and PAmedian = 60 %, range: 42-99%
module 2: G(q,k)median = .74, range: .38-.91 and PAmedian = 65%, range: 40-80%

•
•

module 3: G(q,k)median = .74, range: .30-.89, and PAmedian = 61.5%, range: 40-90%
module 4: G(q,k)median = .75, range: .29-.92, and PAmedian was 59.5%, range: 49-84%.

The interrater reliability of domains (SA and RRB) and overall totals of the ADOS-2
algorithms and the revised algorithm of module 4 were
•

module 1: G(q,k) = .91 for SA, G(q,k) = .76 for RRB, and G(q,k) = .92 for the overall
total

•

module 2: G(q,k) = .86 for SA; G(q,k) =.90 for RRB; G(q,k) = .89 for the overall
total

•

module 3: G(q,k) = .86 for SA; G(q,k) = .45 for RRB; G(q,k) = .85 for the overall total
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•

module 4: G(q,k) = .92 for SA, G(q,k) = .73 for RRB; G(q,k) = .90 for the overall
total.

The interrater reliability and agreement of diagnostic classification, i.e. whether raters were
consistent if the autism spectrum cutoff was met or not, were
module 1: ĸFleiss = .39, ĸCohen = .71, and PA = 82%
module 2: ĸFleiss = .22, ĸCohen = .61, and PA = 64%
module 3: ĸFleiss = .19, ĸCohen = .62, and PA = 74%
module 4: ĸFleiss = .55, ĸCohen = .76, and PA = 78%
modules 1-4 together: ĸFleiss = .38, ĸCohen = .69, and PA = 74.5%; excluding all participants
with ADHD and PDD-NOS: ĸFleiss = .45, ĸCohen = .75, and PA = 86%.
4.3

STUDY III

Key findings in regards to diagnostic validity of the ADI-R and the ADOS separately and in
combination for children 18-47 months old were
The ADI-R alone
•

ADI-R clinical cutoff for all participants: sensitivity = 60% (range for the NV, SW
and PH algorithms: 53-70%) and specificity = 76% (range: 69–81%). LR+ = 2.5
(range: 2.2–2.8)

•

ADI-R research cutoff: sensitivity = 47% (range: 44-52%) and specificity = 94%
(range: 91-96%). LR+ = 7.2 (range: 4.6-10.5)

•

ADI-R adjusted cutoff: inspection of ROC-curves revealed that a lower cutoff yielded
a more balanced sensitivity = 80% (range: 77–82%) and specificity = 61% (range: 6062%). LR+ = 1.9 (range: 1.9-2.2)
ADI-R AUC ranged between .74 and .79

•
•

agreement between ADI-R clinical cutoff and clinical consensus diagnosis: κ = .21.37; research cutoff and clinical consensus diagnosis: κ = .25-.40; and for the adjusted
cutoff and clinical consensus diagnosis: κ = .36-.45

•

age and VABC score associated with misclassification by the ADI-R: false positives
[FP] (NS children falsely classified as ASD) were younger than true negatives [TN]
(NS children correctly classified as NS) on the ADI-R (F(3, 250) = 8.22, post hoc: TN
> FP, p < .001, d = .90), while false negatives [FN] (children with ASD falsely
classified as NS) had higher Vineland-II scores than the true positives [TP] (children
with ASD correctly classified) (F(3, 249) = 34.27, post hoc: FN > TP, p < .001, d =
.83).
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The ADOS alone
•

ADOS autism spectrum cutoff for all participants: sensitivity = 97% (range for
module 1 no to few words, module 1 some words and module 2 younger than 5 years:
94-100%) and specificity = 65% (range: 52–76%). LR+ = 2.8 (range: 2.1-3.9)

•

ADOS autism cutoff for all participants: sensitivity = 84% (range: 81-94%) and
specificity = 82% (range: 81-83%). LR+ = 4.6 (range: 4.4-5.4)

•
•

ADOS AUC ranged between .91 and .95
agreement between ADOS autism spectrum cutoff and clinical consensus diagnosis
for different modules/algorithms: κ = .60-.72; ADOS autism cutoff and clinical
consensus diagnosis: κ = .57-.75

•

no significant associations between any of the participant characteristics and
misclassified children (FP and FN).

The ADI-R and the ADOS combined
•

the different combinations of ADI-R (clinical and research cutoffs) and the ADOS
(autism spectrum and autism cutoffs) for all participants yielded sensitivities of 4258% and specificities of 92-99%. LR+s = 7.4-41.0

•

the ADI-R adjusted cutoff and the autism spectrum cutoff for the ADOS for all
participants gave a sensitivity = 78% and specificity = 88%. LR+ = 6.2; the ADI-R
adjusted cutoff and the autism cutoff for the ADOS for all participants gave a
sensitivity = 68% and specificity = 90%. LR+ = 6.6

•

agreement between the ADI-R clinical and research cutoffs and the ADOS autism
spectrum cutoff for all participants: κ = .23; ADI-R clinical and research cutoffs and
the ADOS autism cutoff: κ = .29 and κ = .30 respectively

•

agreement between the adjusted ADI-R cutoff and the ADOS autism spectrum and
autism cutoffs for all participants: κ = .31 and .34

•

correlations between the ADI-R and the ADOS total scores: ADI-R NV
developmental cell: r = .53 (p < .001); ADI-R SW developmental cell: r = .31
(p = .004); and ADI-R PH developmental cell: r = .42 (p < .001). The correlations
between the SA domain of both instruments showed the same pattern: NV r = .50
(p < .001), SW r = .28 (p = .009), and PH r = .45 (p < .001), while the RRB domains
correlated weakly for the SW and PH groups: r = .19 (p = .076 and p = .062) but
stronger for the NV group (r = .40, p = .001).

4.4

STUDY IV

Key findings in regards to fulfilling the DSM-5 impairment criterion and factors associated
with the fulfillment were
•

application of the cutoff for the mild impairment level (i.e. VABS-II ABC = 1 SD
below the mean): 88 % or 112 of the 127 children fulfilled the impairment criterion
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(proportionally more children with an incomplete DSM-5 symptomatology
documented on the ADOS-2 and the ADI-R in the non-impaired group: χ2(1) = 6.97,
p = .008)
•

application of the moderate cutoff (= 1.5 SDs below the mean): 69 % or 88 children
fulfilled the impairment criterion (the proportion of children with an incomplete
DSM-5 symptomatology did not differ significantly between the non-impaired and
the impaired groups: χ2(1) = 3.22, p = .073)

•

application of the severe impairment cutoff (2 SDs below the mean): 33 % or 42
children fulfilled the criterion (the proportion of children with an incomplete
symptomatology did not differ between groups: (χ2(1) = 3.13, p = .077)

•
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DSM-5 ASD specifiers and variables (intellectual and language impairment,
symptom severity, age and gender) associated with impairment status when applying
the mild impairment cutoff, none; using the moderate impairment cutoff: intellectual
impairment (Odds ratio [OR] = 2.92, 95 % CI 1.05-8.12); using the severe
impairment cutoff: intellectual impairment (OR = 8.82, 95 % CI 3.20-24.33),
language impairment (OR = 7.10, 95 % CI 2.02–24.98), and being a girl (OR = 3.33,
95 % CI 1.04-10.63).

5 DISCUSSION
5.1

STUDY I

In study I, the objectivity, operationalized as interrater reliability, of the ADI-R was examined
for the first time in a naturalistic multicenter clinical setting as well as in Scandinavia.
Consequently, the results of the current study add information to previous findings on the
interrater reliability of the ADI-R in terms of generalizability to clinical practice of ASD and
to the cross-cultural transferability of the instrument’s objectivity.
The interrater reliability on item level was comparable to previous studies conducted in
research setting, exceeding G(q,k)median values of .90 for all diagnostic domains, while
somewhat lower PAmedians compared to earlier reports. On ICD-10/DSM-IV criteria level, the
interrater reliability of the ADI-R was also excellent with G(q,k) estimates above .90 for all
criteria, thus similar to previous studies from research settings.
Besides this study and the previous ones of the ADI-R and the DSM-IV field trials (Klin,
Lang, Cicchetti, & Volkmar, 2000) reporting on the interrater reliability or objectivity of the
assessment of ASD criteria, there is a scarcity of published data despite the existence of
several other diagnostic interviews that have gained popularity. One example with published
interrater reliability data though is the DISCO, a standardized interview that compared to the
ADI-R also covers more general developmental issues as well as assesses the needs of the
patient. The DISCO also comprises over 300 items and 500 related ratings, making it even
more time-consuming than the ADI-R to administer. Promising interrater reliability on item
level but with a different analytic approach than the ADI-R studies have been reported in a
couple of studies including one from Scandinavia (61.6% of all items ĸ/ICC ≥ .75, Nygren et
al., 2009; 80% of all items ĸ/ICC ≥ .75, Wing et al., 2002). On the ICD-10 diagnostic criteria,
only one study has reported interrater reliability estimates (Leekam, Libby, Wing, Gould, &
Taylor, 2002): RSI criteria ranged from ĸ = .60 to ICC = .96, COM between ĸ = .77 and ICC
= .95, RRB between ICC = .84 and .93 and ICC = .82 for onset. Hence, this does not indicate
that the DISCO’s considerably longer diagnostic algorithm for autism (89 or 91 items
depending on the version), in relation to that of the ADI-R, produces higher interrater
reliability. The computer-based 3di is another example of a diagnostic interview
operationalizing the ICD-10/DSM-IV criteria and that has an even longer ADI-R related
diagnostic algorithm (122 items). Data on interrater reliability has only been reported on
domain level (ICC = .85-1 for ASD and ICC = .81-1 for non ASD) (Skuse et al., 2004). The
diagnostic interview PIA is respondent-based and do, probably because of that, not report any
interrater reliability (Stone, Coonrod, Pozdol, & Turner, 2003; Stone & Hogan, 1993)
whereas the interrater reliability for the dichotomously assessed diagnostic criteria of the
ASDI, a diagnostic interview operationalizing the Gillberg and Gillberg criteria of Asperger’s
Disorder (I. C. Gillberg & Gillberg, 1989), was ĸ = .91 for all the 20 items together (C.
Gillberg et al., 2001). As regards the ASD sections of the broadband diagnostic interviews for
children and adolescents like the DAWBA (Goodman et al., 2000) there are no interrater
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reliability data at all available while for the K-SADS-PL (Kaufman et al., 2009; Kaufman et
al., 1997), one study has reported data on diagnostic classification within the autism spectrum
(differentiating between autistic and Asperger’s disorder as well as PDD-NOS) (ICC = .72.85 for present-diagnoses and ICC = .41-1 for ever-diagnoses (Zavaleta-Ramirez, NafateLopez, Villarreal-Valdes, Ulloa-Flores, & Albores-Gallo, 2014). From the summary of the
results from previous research on the ADI-R, especially when adding the results from the
current study, and the other diagnostic interviews reviewed here, the ADI-R appears as both
the most well-documented and best performing diagnostic interview to date for an objective
assessment of ASD criteria in clinical practice and research.
5.2

STUDY II

In study II, the objectivity, operationalized as interrater reliability, of the ADOS was
examined for the first time in a naturalistic multicenter clinical setting as well as in
Scandinavia. Overall, our results contribute to a better understanding of to what extent
previous psychometric findings of the ADOS from research settings could be generalized to
daily clinical practice where the users of the instrument typically are only basically trained on
the ADOS, not “research reliable”, i.e. raters thoroughly prepared and continuously and
systematically calibrated. As the ADOS is increasingly used and relied upon for diagnostic
decision-making around the world in clinical practice as well as recommended by different
national guidelines and professional societies, this is useful information.
The interrater reliability for items and domain totals was basically in the same good to
excellent range as reported in previous studies for extensively trained and calibrated research
reliable raters, although the PA for items was substantially lower. There was no consistent
pattern of items with low and high interrater reliability across modules, except for a possible
tendency that the ratings of certain RRB items like sensory interests, mannerisms, repetitive
interests and compulsions and rituals to be less reliable than those of the SA items, like in
previous studies. The interrater reliability of ADOS-2 classification (autism spectrum versus
non spectrum) was in the acceptable range but lower than in previous studies. Only module 1
scored in the range of good interrater reliability using PA, modules 3 and 4 in the fair range,
and module 2 in the poor range; the interrater reliability of all modules taken together was
fair. This study compared to the previous ones differs in regards to a number of aspects that
might have contributed to the lower rate of interrater reliability of ADOS-2 classification. To
begin with, our spontaneous and naturalistic multicenter design with mostly not research
reliable raters contrasts with previous research with highly trained and experienced raters
following a systematic and continuous calibration activity and might have influenced the
convergence of classification. Furthermore, the composition of the sample in the present
study might have influenced to our results. Our sample was characterized by a large
proportion of participants with PDD-NOS, i.e. a lesser variant of ASD, and ADHD, while the
Lord et al. (Lord et al., 2000; Lord et al., 2012) and Bölte and Poustka (Bölte & Poustka,
2004) studies were dominated by individuals with core autistic disorder. When Lord et al.
(Lord et al., 2000; Lord et al., 1999) included participants with PDD-NOS, the interrater
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reliability in terms of PA decreased, even though still in the good to excellent range (8193%). Analogously, excluding participants with PDD-NOS and ADHD in the present study
resulted in increased interrater reliability of classification from a fair (74.5%) to a good level
(86%). Hence, this suggests that samples characterized by larger diagnostic heterogeneity and
more mild cases of ASD, i.e. resembling clinical practice, makes the ADOS ratings and
diagnostic ADOS-2 classification less objective than compared to more homogenous samples
of ASD (like in the studies from research settings), at least with non-expert raters.
5.2.1 Limitations, studies I and II
Both studies I and II suffers from several limitations. First, it would had been beneficial with
larger and more diverse samples in both studies as they used the same complex unbalanced
design to get the opportunity to examine for example how certain participant characteristics
and diagnoses might influence the different levels of the objectivity or interrater reliability of
the ADI-R and the ADOS. Second, none of the studies examined diagnostic validity but
solely objectivity. Diagnostic validity is dependent on objectivity, but high levels of
objectivity does not automatically translate into other properties such as diagnostic validity,
and therefore only analyzing the objectivity leaves us with incomplete psychometrics
regarding the ADI-R and the ADOS in clinical settings. However, as these studies are the first
to examine objectivity in clinical practice among interviewers and examiners with varying
experiences and training in using the ADI-R and the ADOS, they add new information of the
instruments’ value in clinical practice and demonstrate that some crucial prerequisites for
diagnostic validity were fulfilled.
5.3

STUDY III

In study III, the psychometric properties were examined of the separate and combined use of
the ADI-R and the ADOS applying their new diagnostic algorithms to children below 4 years
of age in a clinical setting. Few studies have done this before and no study in Scandinavia.
Our results indicate that the diagnostic validity of the combined use of the ADI-R and the
ADOS in children of this age range with unclear developmental concerns is superior to
separate use of each instrument. The ADOS autism cutoff alone performed almost at the
same level. The diagnostic validity was comparable to the results from US research settings
for both instruments, separate and combined, but for the ADI-R only after cutoffs adjustment.
For the ADI-R alone sensitivities were overall substantially lower than specificities, which
contrasts the two previous studies examining the new ADI-R research algorithms in mixed
research and clinical samples, where higher and more balanced sensitivities and specificities
were found (Kim et al., 2013; Kim and Lord, 2012b). The adjusted, i.e. lower, cutoffs yielded
better balanced sensitivities and specificities, and basically eliminated the differences with the
US samples as well as increased the classification accuracy. Nonetheless, LRs+ that were
lower than in previous studies, decreased with the adjusted cutoffs, and this together with that
none of the AUCs exceeded a fair level indicate that the ADI-R had limited classification
accuracy in our clinical sample of toddlers and young preschoolers with serious
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developmental concerns, and that the ADI-R did not classify children as efficiently as in the
US samples.
Overall the sample characteristics and how they were associated with domain totals in this
study were similar to previous research with some exceptions that might have accounted for
some of the differences of accuracy between our study and the US ones. First, all domain
totals in our study were lower and in particular those of the RRB domain than in the three US
samples (Kim et al., 2013; Kim and Lord, 2012b). As these lower levels of ADI-R totals were
not associated with any differences of child characteristics or corresponding lower levels of
ADOS totals we speculate that the differences might be linked to parent/caregiver
characteristics, to the fact that we examined a purely clinical sample, as well as cultural
factors. We have experienced that parents of young children in clinical practice often are
either reluctant to describe or unaware of abnormality or developmental alteration of their
child’s behavior. Moreover, cultural differences between Europe and the US have been found
in other parent-based instruments assessing autistic symptomatology (see for example, Bölte,
2012; Bölte, Poustka, & Constantino, 2008) as well as in a recent European multicountry
study of the new research algorithms of the ADI-R (de Bildt, Sytema, Zander, et al., 2015).
Furthermore, some of the differences of domain totals level might also have been due to
chance rather than being significant differences as there is an overlap in confidence interval
between this and at least one of the US samples in many instances. Second, age was
associated to misclassification of children the opposite way in our study where NS children
misclassified as ASD were younger than the correctly classified children with NS compared
to that of the Kim and Lord study (S. H. Kim & Lord, 2012a). This indicates that age effects
might still be an issue even in the new research algorithms of the ADI-R, producing a certain
degree of overinclusivity in young children.
The evaluation of the ADOS in this study differed from previous research in the following
ways: no other study has presented data for children up to 47 months only from purely
clinical practice, separately for each of the revised algorithms and classified the children in an
ASD versus NS group. Previous research has either included children up to 12 years for the
algorithms of module 1 and 2 used in this study (de Bildt et al., 2009; Gotham et al., 2007,
2008; Oosterling et al., 2010), reported data from at least partly research settings (the
majority of the reviewed studies), lumping the results from all algorithms together if
reporting from the same restricted age range as this study (e.g., S. H. Kim & Lord, 2012a), or
analyzed diagnostic validity separately for autistic disorder excluding other ASDs versus NS
on one hand and nonautistic disorder ASDs versus NS on the other. The participants in this
study had higher NVIQ than those in the two Gotham et al. (2007; 2008) studies, the Gray et
al. (2008), and the De Bildt et al. (2009) studies but were lower functioning than in
Oosterling et al. (2010). However, all these studies reported data for children with autistic
disorder and ASD apart and also for children up 12 years of age. Therefore, a direct
comparison with other studies is somewhat compromised but especially when taking the
variation of the reported domain totals into consideration, it is clear that our ASD sample did
not differ from the reviewed studies in any crucial way, and especially not from the point of
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view of diagnostic validity of the ADOS.
In our study, the diagnostic validity of the ADOS autism spectrum cutoff showed excellent
sensitivities together with lower specificities like previous research by Kim and Lord (2012a),
Molloy et al. (2011) (except for module 2), and Risi et al. (2006) to which the results of
Oosterling et al. (2010) contrasted with lower sensitivities and higher specificities for module
1 (some words) and module 2. The autism cutoff yielded more balanced sensitivities and
specificities (≥ 81%), but considerably lower than those reported by Gotham et al. when
using the autism cutoff for children with core autism (not other ASDs) versus NS (2007;
2008). However, compared to the sensitivities and specificities produced by the autism
spectrum cutoff in the Gotham et al. studies as well when taking the 95% confidence intervals
into account (when such are reported), most differences were attenuated, disappeared or were
reversed between this and previous studies. LR+s were modest in our study but comparable
with previous research (S. H. Kim & Lord, 2012a). AUCs in our sample were excellent for all
algorithms.
In our sample, the best diagnostic validity was produced by combining the ADI-R, and the
ADOS, using the adjusted ADI-R cutoff and the ADOS autism spectrum cutoff, yielding
sensitivities and specificities substantially in the same range as those in Kim and Lord
(2012a) and Risi et al. (2006: using the standard algorithms with children below 36 months of
age), except for SW group in our study that had a somewhat lower sensitivity. Used
separately, the ADOS (κ = .57–.75) was more accurate than the ADI-R (κ = .27–.45). The
agreement of the ADI-R and the ADOS expressed by correlations of domain totals was
limited but basically comparable to that of the Kim and Lord study (2012a). Older studies
using the standard algorithms of both instruments, Risi et al. (2006) and Le Couteur et al.
(2008) have reported higher correlations between domain totals while Ventola et al. (2006)
found a weak agreement measured by kappa statistics between the ADI-R and the ADOS
classifications.
5.3.1 Limitations, study III
Study III suffers from some notable limitations. First, the clinical consensus diagnosis was
not completely independent of the ADI-R and the ADOS as their results were part of the
information used in the diagnostic decision-making. This is consistent with most other
diagnostic validation studies (Gotham et al., 2007, 2009; S. H. Kim & Lord, 2012a, 2012b; S.
H. Kim et al., 2013; Le Couteur et al., 2008; Risi et al., 2006). However, the current study
also employed a variety of other sources of information in the diagnostic decision-making
supplementing, and balancing the results of the ADI-R and the ADOS, in particular a
prolonged naturalistic observation of the child in his/her preschool. Second, n = 30 children
of the NS group did not get any DSM-IV-TR diagnosis after evaluation. Introducing typically
developing children in a study of diagnostic validity is likely to overvalue especially the
specificity (see, for example, Kim and Lord, 2012b: where this happened). However, these
children were clinically referred and assessed children because of experienced developmental
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concerns, therefore in most cases not typically developing in a narrow sense. Omitting them
from the analysis actually led to a slightly decreased specificity.
5.4

STUDY IV

In study IV, the potential effect of new DSM-5 impairment criterion for ASD on diagnosis
rates in toddlers and young preschoolers was examined for the first time in addition to the
impact of the DSM-5 specifiers symptom severity and intellectual and language impairment
as well as age and gender on impairment status. Despite the abundance of studies on the
effect of the new DSM-5 ASD symptomatology criteria on diagnosis rates indicating that a
considerable part of the children with an ASD diagnosis according to DSM-IV-TR would not
fulfill the new DSM-5 criteria, remarkably few if any studies have examined the effect of the
DSM-5 impairment criterion on ASD diagnosis. Our results indicate that the application of
the new impairment criterion might constitute a so far largely overlooked problem for
diagnosing ASD in infants, toddlers and young children compared to DSM-IV-TR. As early
diagnosis is a prioritized objective in clinical practice of ASD and an increasing number of
children with ASD are getting an early diagnosis, this matter warrant more attention. The
introduction of the impairment criterion might also be of a far greater importance for the
youngest children with ASD than the new DSM-5 symptomatology criteria.
The effect of the new impairment criterion on diagnosis rates was, depending on the threshold
chosen (1 SD, 1.5 SDs or 2 SDs below average on the VABS-II) that between 12 and 67 % of
the children below 47 months of age fulfilling DSM-IV-TR criteria for ASD did not fulfill
the new DSM-5 impairment criterion while it was only 9 % of the participants that did not
fulfill the new DSM-5 symptomatology criteria for ASD. In regards to the impact of the ASD
specifiers, there was no significant association between symptom severity and impairment
status. Intellectual impairment, on the other hand was the specifier the most strongly
associated with impairment status, like in previous studies (Ray-Subramanian et al., 2011),
but only when applying the moderate and severe cutoffs, not the mild impairment cutoff. In
addition, concerning the severe impairment cutoff, language impairment was also associated
to impairment status, as well as female gender. Age was not significantly associated to
impairment like in previous research, which is probably due to our sample’s restricted age
range compared to earlier studies. Thus, the results of the current study suggest that
functional impairment in toddlers and young children is more strongly linked to the presence
of ASD non-specific problems or specifiers rather than to symptom severity.
5.4.1 Limitations, study IV
Study IV suffers from several limitations. First, the relatively small sample of young children
might have affected the generalizability of the present findings. For example, the confidence
intervals of the analyses of associations between ASD specifiers and other factors with
impairment were quite large. Moreover, due to the restricted age range in the current sample,
conclusions about the validity of the results for older individuals are mere speculation.
Second, the measures of impairment and symptom severity applied in the current study might
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have driven the results. Although the DSM-5 endorses an ICF-based view concerning
impairment, both ‘‘significant impairment’’ and how it is manifested in the ‘‘social,
occupational, or other important areas of current functioning’’ at different ages and in various
contexts are still to be defined. However, the VABS-II seems currently to be one of the best
documented measures in this area, and closely resembling the unpublished Child WHODAS
(Canino, 2013), which is ICF derived. Other conclusions might have been drawn if using
other conceptualizations of impairment and/or other instruments or drawing on information
from other settings, for example the child’s preschool. In regards to symptom severity, the
ADOS-2 CS is in our opinion currently the most appropriate and perhaps also the only
measure available for quantifying the ASD symptomatology independently of age and
language level.
5.5

GENERAL DISCUSSION

An important motivation to use standardized diagnostic instruments in clinical practice and
research is their potential ability to improve the objectivity of the assessment of symptoms,
diagnostic criteria and diagnostic classification. The objectivity, i.e. to what extent a test
result is independent of the examiner, often operationalized as interrater reliability, is a
crucial but not the only important psychometric aspect of a diagnostic instrument. However,
it is an especially valued property of a diagnostic instrument in psychiatric practice. This is
mainly due to the fact that diagnostic categorization often are dependent on clinicians ability
to capture the relevant information through directly observing behaviors or listening to
descriptions of behavioral symptoms, and that the behavioral definitions or criteria,
operationalized by these instruments, are the most concrete, and sometimes only expression
of the disorder we have.
From the point of view of objectivity, previous studies from research settings and our studies
from clinical practice have demonstrated the psychometrical soundness of the ADI-R and the
ADOS for sampling separate symptoms and criteria of ASD as well as for diagnostic
classification. We demonstrated that the excellent levels of objectivity of the ADI-R reported
from research settings could be reproduced in clinical practice and to a high degree, even
though lower than for the ADI-R, for the ADOS as well. Indeed, this suggest that the use of
the ADI-R and the ADOS represents more objective means of collecting diagnostically
relevant information than for example using the DSM criteria alone to organize clinical
impression, like in the field trials of DSM-IV and DSM-5, other forms of history taking or
compared to other methods used in psychiatry and medicine in general. In the field trials of
DSM-IV, the objectivity estimates for the 12 different criteria of autistic disorder ranged from
ĸ = .58 to .79 (Klin et al., 2000), to be compared to G(q,k) = .91-1.00 for the operationalized
DSM-IV diagnostic criteria of the ADI-R and G(q,k)medians between .74 and .83 (range for all
items of all modules: G(q,k) = .23-.94) for single symptoms/items of the ADOS in the current
studies. The interrater reliability of classification, using diagnostic criteria only, of autistic
disorder (all other ASDs excluded) versus a non-spectrum disorders according to DSM-IV
was ĸ = .95 (Volkmar et al., 1994) and ASD versus non ASD according to DSM-5 ĸ = .69
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(Freedman et al., 2013) in the respective field trials while the correspondent estimates in the
current study for the ADI-R was ĸ = .83 and ĸ = .69 and 75 (when excluding participants with
PDD-NOS and ADHD) for the ADOS. Moreover, data from the field trials also indicate that
clinician’s experience and the use of DSM-IV criteria or not when assigning diagnosis
influence the objectivity estimates for autistic disorder: the interrater reliability for
experienced versus inexperienced raters not using DSM-IV criteria was ĸ = .84 and ĸ = .34
while the corresponding estimates were ĸ = .94 and ĸ = .59 when DSM-IV criteria was used
(Klin et al., 2000). Definitely, the objectivity estimates of classification of the ADI-R and the
ADOS hold their own in comparison with those of the other instruments specifically designed
to assess ASD reviewed earlier as well as other mental disorders (Dittmann, von Cranach, &
Eckermann, 1990: ĸ = .79 for ICD-10 personality disorders; Flaum & Andreasen, 1995:
ĸ = .50 for DSM-IV schizophrenia symptoms; Freedman et al., 2013: ĸ = -.03-.78 for DSM5 diagnoses; Regier, Kaelber, Roper, Rae, & Sartorius, 1994: ĸ = .52-.83 for 1 to 4 character
diagnostic categories of ICD-10; Sartorius, Üstün, Korten, Cooper, & van Drimmelen, 1995:
ĸ = .65 for all categories of ICD-10) and for the objectivity of other assessment methods used
in healthcare (Gullett et al., 2015: ICC = .615-.904 for ultrasound; Koran, 1975a, 1975b for a
multitude of methods; Kushnirsky et al., 2015: ICC = .73-.79 for detection of brain metastasis
with MRI; Olson et al., 2015: ĸ = .40-.62 for pupillometry; Overbury, Murtaugh, Fischer, &
Frech, 2015: ĸ = .50 for capillaroscopy; Quigg et al., 2015: ĸ = .57 for electrocorticograpical
recordings).
Although objectivity or interrater reliability is a crucial element of an instrument’s
psychometric properties indicating successful standardization of data collection, scoring and
interpretation, objectivity together with different aspects of reliability as a whole are only
prerequisites for high validity. In general, previous studies have reported satisfactory
diagnostic validity for both the ADI-R and the ADOS apart for children from 12 months of
age up to adulthood. However, previous research (S. H. Kim & Lord, 2012a; Risi et al., 2006)
and the current study have also demonstrated the added contribution of using both
instruments in combination in diagnostic decision-making instead of only one of them,
despite the fact that the diagnostic validity of the ADI-R was less satisfactory in comparison
with that of the ADOS in the current study.
The ADI-R and the ADOS appear to cover different but equally important dimensions of the
autistic symptomatology, for example demonstrated by the lack of very substantial
correlations between the two instruments. The ADI-R, through descriptions by a caregiver,
has the potential to contribute with unique, essential and reliable information regarding early
development, trajectories and timing of symptom onset, and descriptions of behavior within a
variety of contexts over time, retrospective information that is hardly impossible to obtain
through any other means. In general, the ADI-R is a highly objective instrument although the
diagnostic validity in the current study was lower than for the ADOS. The objectivity of the
ADI-R in this particular sample was not assessed but we still must be aware of the possibility
that a verbal exploration of a caregiver in the context of a diagnostic interview might be
perfectly objective, in the sense that two raters would code the enunciations of the caregiver
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in the same way, but must not for that sake be valid, in the sense that the enunciations reflect
the child’s true behavior or that these behaviors must reflect the presence of ASD. Therefore,
the information of the ADI-R and other diagnostic interviews is limited without other types of
information, especially an expert’s direct observation like the ADOS. The ADOS, on the
other hand, samples ASD symptoms during a very short interactive observational session,
which also contributes with unique and essential information not possible to obtain by any
other means. Due to its design, not all criteria and aspects of ASD are covered and there is a
risk that the individual will not exhibit all his/her typical behavioral characteristics due to the
brevity of the administration. Moreover, the quality of the information obtained from the
ADOS compared to the ADI-R is more dependent on the skill of the examiner, which is
reflected in the generally lower, but still satisfactory objectivity of the ADOS. The use of the
ADOS in isolation for diagnostic decision-making must therefore be considered as limited as
the single use of the ADI-R. Hence, for the diagnostic assessment of ASD in clinical practice
and research, the first choice is the combined use of the ADI-R and the ADOS. Still, this does
not mean that the results from the ADI-R or the ADOS neither separately nor in combination
could supplant a best estimate diagnosis as gold standard from the standpoint of objectivity
and diagnostic validity.
Objectivity and diagnostic validity are two separate aspects of the psychometric properties of
a standardized diagnostic instrument. However, in psychiatry, objectivity is sometimes seen
as “the first test of validity for a diagnosis” (Freedman et al., 2013) and if not as equivalent to
validity so very close to it. In the current diagnostic classifications, psychiatric diagnoses are
conceptually latent constructs, i.e. the true nature or pathophysiology of for example ASD is
considered latent and cannot currently be directly observed and described scientifically, and
therefore not used for diagnostics. The behavioral manifestations of the diagnosis,
summarized in the diagnostic criteria, are thought of as indicators of these latent phenomena
but not as the true disorder entity. The behavioral symptoms, though, are the most concrete
and often only detectable manifestation of a mental disorder and have come to play an
extremely important role in psychiatric practice, not the least because of their clinical utility.
Furthermore, the objectivity or interrater reliability represents the most elaborated (and
authoritative?) scientific foundation for proving the existence or presence of a psychiatric
diagnosis through the assessment of its diagnostic criteria. Probably because of that, criteria
have come to be treated as the disorder itself or reify the disorder, despite criteria’s more
limited role of being indicators of latent disease entities, guidelines for diagnostic assessment
and heuristic tools only (Hyman, 2010). The classifications obtained from standardized
diagnostic instruments like the ADI-R and the ADOS, operationalizing diagnostic criteria,
have also tended to be used as reified disorders (Lord et al., 2014), for example when the
results are used as a proxy for diagnosis in research (Bryson et al., 2007; Ozonoff et al., 2014;
Wolff et al., 2012), or when clinicians, as we have experienced, heavily rely on the results
from especially the ADOS in diagnostic decision-making. Consequently, when diagnostic
criteria are used as the criterion against which a standardized diagnostic instrument –
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operationalizing these same diagnostic criteria – is validated, this procedure resembles more
of a test of objectivity than of validity.
Recently, in the mental health field, as we have already mentioned, the concept of impairment
has gained greater importance as a dimension in its own right, separated from the defining
psychopathology and more directly linked to functioning, need for support and intervention
planning than the psychopathology. In DSM-5, impairment is often a required criterion for
diagnosis, like in ASD, and conceptualized as caused by the psychopathological symptoms
(that in turn are caused by the latent disease entities). However, the result from the current
study as well as from previous research on adaptive functioning in ASD does not necessarily
support the DSM-5 notion, at least not in the given age group of our study, that symptoms
should cause impairment and be directly linked to the need and level of support in ASD.
There are a number of issues in regards to the definition, operationalization and measurement
of impairment as well as of symptom severity and the significance and role of the ASD
specifiers in this context that need further exploration.
First, there is no consensus at what point a functional problem turns into impairment. The
recommendation is to use normed instruments and applying specific norm-based cutoffs.
Following this, impairment would be operationalized in relation to the norm, i.e. equivalent to
a certain proportion of the population with the lowest scores. Using our mild impairment
cutoff (1 SD below the mean), favored by Naglieri (2009), around 16 % of the general
population would statistically fall in the impairment range. The application of such a low
threshold seems controversial for a neurodevelopmental disorder such as ASD, affecting 1–
2 % of the general population. Our moderate and severe cutoffs (1.5 and 2 SDs below the
mean), corresponding to 7 and 2 % of the general population, respectively, seem
spontaneously more realistic for this purpose. Though, under these circumstances, as our
study have demonstrated, and could be extrapolated from previous research on adaptive
functioning in ASD, a substantial proportion of toddlers, young preschoolers, and even older
individuals fail to fulfill the impairment criterion (Gathje et al., 2008; Papazoglou et al.,
2013). In DSM-5, despite the recommended use of normed instruments (i.e. WHODAS),
impairment appears to be linked to the need for support in the first hand (see for example the
severity specifier in ASD). Either way, the use of specific cutoffs or levels of need for
support, the possibility for very young children to fulfill DSM-5 diagnostic criteria seems to
be compromised. Some children would not fulfill this criterion even when using the very
inclusive mild impairment cutoff, and employing need for support does not seem to change
this. By definition, very young children in general need and should get a lot of care/service
from their caregivers, which in many cases might complicate the assessment of need for
ongoing support/impairment from typical age-related needs/functioning at this age. A
negative consequence of a too strict application of the impairment criterion in the youngest
children with ASD symptomatology could mean delayed diagnosis and early intervention
preventing secondary prevention and causing avoidable burden and potentially worse
outcomes.

46

In the current study, we defined impairment as deficits in adaptive functioning, a welldocumented dimension in ASD. Through the recommended use of the WHODAS, DSM-5
endorses the conceptualization of impairment according to the ICF. The close relationship
between the ICF components activities and participation and adaptive functioning has been
demonstrated (Fabiano & Pelham Jr., 2009). Truly, the most elaborated framework for
assessing impairment is the integrative biopsychosocial model of functioning, disability, and
health of the ICF (WHO, 2001, 2007). The expectation is that a more specific and exhaustive
model of functioning and improved measures of impairment, tailored for individuals with
ASD in all ages will be available in the near future as a result from ongoing development of
ICF core sets for ASD (Bölte et al., 2013; Gan, Tung, Yeh, & Wang, 2013). Especially
important, the ICF model of functioning includes the component environmental factors, an
aspect not explicit in the DSM-5 conceptualization of impairment and not included in the
concept of adaptive functioning. Previous research has demonstrated that environmental
factors are of utmost importance in order to characterize impairment/functioning properly in
an individual, as these factors to a substantial degree determine individual outcomes
(Goldstein & Naglieri, 2009; Rapee et al., 2012). Lastly, besides the ‘‘objective’’
characterization of the individual’s impairment/level of functioning, the experienced quality
of life, i.e. the subjective reality of the individual, also ought to be taken into account as an
important dimension of mental disorders (Kuhlthau et al., 2010).
Finally, the definition, operationalization and measurement of ASD (symptom) severity need
to be addressed. Typically, symptom severity is defined as number of symptoms and/or the
intensity of symptoms (APA, 2013; Bernier, 2012). However, the symptom manifestation of
ASD varies depending on age, IQ and language level. Therefore ASD severity ratings derived
from counting symptoms and/or assessing their intensity are not absolute and need
adjustment for third variables. Although the ADOS-2 and the ADI-R generate adjusted total
scores from a symptom count including a form of intensity assessment, our and other studies
indicate that these ratings do not necessarily translate into the same degree of impairing
‘‘autistic’’ problems in everyday life. The ADI-R, for example, adjusts for age and language
level through specifically sampling symptoms from the period between 4 to 5 years for all
individuals older than 4 years and applies different algorithms for verbal and nonverbal
individuals. The ADOS has addressed this problem with sufficient success by using different
modules and algorithms depending on language level and age, and specifically by the
creation of the ADOS-2 Comparison Scores. Moreover, although the “raw” severity ratings
of the ADI-R, i.e. the domain totals of the algorithms with higher scores indicating more
symptoms and larger symptomatic intensity, the coding of the ADOS seems to differ
somewhat from that logic. Due to its form and brevity even very subtle deficits and deviances
are coded for diagnostic/discriminative purposes and these do not necessarily and/or always
translates into real “autistic” problems of the same intensity in the reality (which is also
underscored in the manual, Lord et al., 2012). Besides, none of these instruments have
originally been designed to measure symptom severity, and the authors have also warranted
against trying to do this, at least without taking IQ and age into account (Lord et al., 2012, p.
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248; Rutter et al., 2003, p. 2). The same seems true for other instruments sampling ASD
symptoms, like the Social Responsiveness Scale [SRS] (Hus & Lord, 2013). Thus, the issue
here is, as we have objective measures of ASD symptomatology, how to design measures of
symptom severity that account for age, language and developmental level (Hus, Bishop,
Gotham, Huerta, & Lord, 2013) and then continue to explore how symptom severity is linked
to the latent disease entities as well as affects functioning and impairment.
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6 CONCLUSION AND FUTURE DIRECTIONS
6.1

CONCLUSIONS

The results of this thesis and previous research demonstrate that the ADI-R and the ADOS
assess ASD more reliably than other similar instruments for ASD, other mental disorders and
other methods. We showed that the ADI-R in regards to the diagnostic criteria of ASD
according to ICD-10/DSM-IV produced assessments as objective as currently possible, even
among a group of mainly not research reliable clinicians in clinical practice in Sweden. We
also demonstrated that the ADOS in terms of objectivity is good enough to warrant the use of
it as a psychometrically sufficiently sound method to support diagnostic decision-making
even in clinical settings but this and other research do not favor its use as a stand-alone
diagnostic decision-maker, especially not in clinical practice and in heterogeneous samples.
In terms of diagnostic validity, the results from our study of young children demonstrated like
previous research that the combined use of the ADI-R and the ADOS yielded better
diagnostic validity for ICD-10/DSM-IV ASD than the single use of each instrument, and this
despite the fact the ADI-R exhibited more limited diagnostic accuracy than previous research
and the ADOS in our study. Overall, this endorses the universal use of the ADI-R and the
ADOS in combination in everyday clinical practice and research for all age groups as first
choice diagnostic instruments but for the ADOS in clinical practice it also underscores the
importance of advanced training to reach research levels of objectivity. Moreover, in regards
to the new diagnostic definition of ASD in DSM-5, we showed that applying the new
impairment criterion strictly might compromise the possibility for very young children to get
an ASD diagnosis despite manifesting the defining symptomatology, a previously unnoticed
and not studied effect of the new diagnostic criteria. Finally, our findings in this group of
young children indicate that there are substantial associations between the specifiers, i.e. coexisting but non-ASD specific problems, and functional impairment rather than between
symptom severity and functional impairment. This does not provide convincing support for
the DSM-5 conceptualization of impairment as determined by symptom severity and that
ASD symptoms should be directly linked to an individual’s need and level of support.
Globally, our findings add important information to the body of research showing the assets
of using standardized diagnostic instruments with good psychometric properties when
assessing ASD. We demonstrated levels of objectivity from psychometrically sound to
excellent, indeed “almost miraculous” (Kraemer, Kupfer, Clarke, Narrow, & Regier, 2012),
in assessing symptoms, criteria and classification with the use of these instruments even in
clinical settings. Our results indicate that standardized diagnostic instruments like the ADI-R,
perhaps more than any other diagnostic instrument, and the ADOS may contribute to a higher
degree of consensus in regards to the assessment of diagnostic criteria of ASD across time,
settings and countries. We also showed, like it has been done in previous research reviewed
in this thesis, the potential and value of using quantified results of standardized diagnostic
instruments to gain new insights, e.g. the association between symptom severity and
functional impairment and the DSM-5 ASD specifiers.
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Furthermore, our findings together with previous research also indicate that the most serious
challenge concerning the use of standardized diagnostic instruments in assessing ASD seems
to lie in the overreliance of their results. We showed that, especially for the ADOS in terms of
objectivity of classification and the ADI-R in terms of diagnostic validity, the research
derived estimates were not directly generalizable to clinical practice. Uncritical use of
research derived cutoffs in clinical practice risk to do harm in form misclassification. From
our review of previous research, we concluded that we cannot expect to reach complete
objectivity nor 100% concurrent sensitivity and specificity with any existing standardized
diagnostic instrument, meaning that their results cannot be treated as unambiguous markers of
classification. We also concluded that standardized diagnostic instruments, even though
potentially more objective in assessing diagnostic criteria than the criteria themselves, suffer
from the same validity issues as the diagnoses of the classifications systems they are
operationalizing.
6.2

FUTURE DIRECTIONS

Future research of standardized diagnostic instruments should focus on studies on both the
objectivity and diagnostic validity in large, heterogeneous but well-described samples of
subjects and raters where several aspects are studied in the same sample to further elucidate
the instrument’s psychometric properties. In terms of optimizing objectivity and
comparability of results in research and clinical practice, it would be of great value to
continue using the most well established gold standard instruments ADI-R and ADOS. Even
with new DSM-5 criteria, the ADI-R and the ADOS have proved their capacity to assess
relevant constructs objectively, and they seem to have the potential to continue to do this in
regards to future classifications or research paradigms like the RDoC as well.
Future research should continue focusing on how impairment and functioning in ASD and in
general should be defined, operationalized and measured, especially in relation to early
development, and when diagnosing ASD in infants, toddlers and young preschoolers.
Specifically, the component environmental factors, an aspect not explicit in the DSM-5
conceptualization of impairment and not covered in the adaptive functioning construct, need
further exploration.
It seems equally important to continue to focus research on how ASD (symptom) severity
should be defined, operationalized and measured as ASD symptomatology varies depending
on age, IQ and language level and none of the current methods seem to capture this
dimensions completely.
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B. A total of at least six symptoms from (1), (2), and (3)
must be present, with at least two from (1) and at
least one from each of (2) and (3):
(1) Qualitative abnormalities in reciprocal social
interaction are manifest in at least two of the
following areas:
(a) failure adequately to use eye-to-eye gaze, facial
expression, body posture, and gesture to regulate
social interaction;
(b) failure to develop (in a manner appropriate to
mental age, and despite ample opportunities) peer
relationships that involve a mutual sharing of
interests, activities, and emotions;
(c) lack of socio-emotional reciprocity as shown by
an impaired or deviant response to other people’s
emotions; or lack of modulation of behaviour
according to social context; or a weak integration
of social, emotional, and communicative
behaviours;
(d) lack of spontaneous seeking to share enjoyment,

A. Abnormal or impaired development is evident before
the age of 3 years in at least one of the following
areas:
(1) receptive or expressive language as used in social
communication;
(2) the development of selective social attachments or
of reciprocal social interaction;
(3) functional or symbolic play.

ICD-10
F84 Childhood autism

A. A total of six (or more) items from (1), (2), and (3),
with at least two from (1), and one each from (2) and
(3):
(1) qualitative impairment in social interaction, as
manifested by at least two of the following:
(a) marked impairment in the use of multiple
nonverbal behaviors such as eye-to-eye gaze,
facial expression, body postures, and gestures
to regulate social interaction
(b) failure to develop peer relationships
appropriate to developmental level
(c) a lack of spontaneous seeking to share
enjoyment, interests, or achievements with
other people (e.g., by a lack of showing,
bringing, or pointing out objects of interest)
(d) lack of social or emotional reciprocity

DSM-IV/-TR
Diagnostic criteria for 299.00 Autistic Disorder

Autism Spectrum Disorder
299.00 (F84.0)

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

Diagnostic Criteria

DSM-5

Diagnostic criteria for Childhood autism according to ICD-10, Autistic Disorder according to DSM-IVand Autism Spectrum Disorder according to DSM-5

77

(2) qualitative impairments in communication as
manifested by at least one of the following:
(a) delay in, or total lack of, the development of
spoken language (not accompanied by an
attempt to compensate through alternative
modes of communication such as gesture or
mime)
(b) in individuals with adequate speech, marked
impairment in the ability to initiate or sustain a
conversation with others
(c) stereotyped and repetitive use of language or
idiosyncratic language
(d) lack of varied, spontaneous make-believe play
or social imitative play appropriate to
developmental level
(3) restricted repetitive and stereotyped patterns of
behavior, interests, and activities, as manifested by
at least one of the following:
(a) encompassing preoccupation with one or more
stereotyped and restricted patterns of interest
that is abnormal either in intensity or focus
(b) apparently inflexible adherence to specific,
nonfunctional routines or rituals
(c) stereotyped and repetitive motor mannerisms

(2) Qualitative abnormalities in communication are
manifest in at least one of the following areas:
(a) a delay in, or total lack of, development of
spoken language that is not accompanied by
an attempt to compensate through the use of
gesture or mime as an alternative mode of
communication (often preceded by a lack of
communicative babbling);
(b) relative failure to initiate or sustain
conversational interchange (at whatever level
of language skills is present), in which there is
reciprocal responsiveness to the
communications of the other person;
(c) stereotyped and repetitive use of language or
idiosyncratic use of words or phrases;
(d) lack of varied spontaneous make-believe play
or (when young) social imitative play.

(3) Restricted, repetitive, and stereotyped patterns of
behaviour, interests, and activities are manifest in
at least one of the following areas:
(a) an encompassing preoccupation with one or more
stereotyped and restricted patterns of interest that
are abnormal in content or focus; or one or more
interests that are abnormal in their intensity and
circumscribed nature though not in their content
or focus;
(b) apparently compulsive adherence to specific, nonfunctional routines or rituals;

interests, or achievements with other people (e.g.
a lack of showing, bringing, or pointing out to
other people objects of interests to the individual).

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

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.
Specify current severity:
Severity is based on social communication
impairments and restricted, repetitive patterns of
behavior (see Table 2).
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C. The clinical picture is not attributable to the other
varieties of pervasive developmental disorder:
specific developmental disorder of receptive
language (F80.2) with secondary socio-emotional
problems; reactive attachment disorder (F94.1) or
disinhibited attachment disorder (F94.2); mental
retardation (F70-F72) with some associated
emotional or behavioural disorder; schizophrenia
(F20.–) of unusually early onset; and Rett’s
syndrome (F84.2).

(c) stereotyped and repetitive motor mannerisms that
involve either hand or finger flapping or twisting,
or complex whole body movements;
(d) preoccupations with part-objects or nonfunctional elements of play materials (such as
their odour, the feel of their surface, or the noise
or vibration that they generate).

B. Delays or abnormal functioning in at least one of the
following areas, with onset prior to age 3 years: (1)
social interaction, (2) language as used in social
communication, or (3) symbolic or imaginative play.
C. The disturbance is not better accounted for by Rett's
Disorder or Childhood Disintegrative Disorder.

(e.g., hand or finger flapping or twisting, or
complex whole-body movements)
(d) persistent preoccupation with parts of objects

routines, or ritualized patterns of verbal or nonverbal
behavior (e.g., extreme distress at small changes,
difficulties with transitions, rigid thinking patterns,
greeting rituals, need to take same route or eat same
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 interests).
4. Hyper- or hyporeactivity to sensory input or
unusual interest 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).
Specify current severity:
Severity is based on social communication
impairments and restricted, repetitive patterns of
behavior (see Table 2).
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 cooccur; to make comorbid diagnoses of autism
spectrum disorder and intellectual disability, social
communication should be below that expected for
general developmental level.

79

Reprinted from the ICD-10 classification of mental and
behavioural disorders: diagnostic criteria for research,
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Reprinted with permission from the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (Copyright ©2000). American Psychiatric
Association.

Reprinted with permission from the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition,
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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 a known medical or genetic
condition or environmental factor (Coding note:
Use additional code to identify the associated medical
or genetic condition.)
Associated with another neurodevelopmental,
mental, or behavioral disorder (Coding note: Use
additional code[s] to identify the associated
neurodevelopmental, mental, or behavioral
disorder[s].)
With catatonia (refer to the criteria for catatonia
associated with another mental disorder, pp. 119-120,
for definition) (Coding note: Use additional code
293.89 [F06.1] catatonia associated with autism
spectrum disorder to indicate the presence of the
comorbid catatonia.)

10 ERRATUM
Unfortunately, in the results section of paper III, p. 193, last part of the last paragraph there is
an error. The text should be as follows (changes in bold):
FP (NS children falsely classified as ASD) were younger than TN (NS children correctly
classified as NS) on the ADI-R (F(3, 250) = 8.22, post hoc: TN > FP, p < .001, d = .90),
while FN (children with ASD falsely classified as NS) had higher Vineland-II scores than the
TP (children with ASD correctly classified) (F(3, 249) = 34.27, post hoc: FN > TP, p < .001,
d = .83).
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