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This thesis is about autism spectrum disorder (ASD) in infancy, the early recognition and
screening thereof in the general population and the development of ASD and related
symptoms over time in these children. Although a great deal of research has been done
on ASD in high risk populations, comparatively much less studies are performed on ASD
symptom development and the ability to detect children at risk of ASD early in the general
population. This thesis has looked into these issues with three different population
samples. In the introduction of this thesis I will discuss the main themes and present the
overall aims and lay-out of this thesis.

Structure of symptoms reflecting atypical development
of social and communicative skills
Kanner was the first to describe ‘early infantile autism’ by disturbances of affective contact
(Kanner, 1943). From the DSM-III (1980) up to the DSM-IV-TR (2000) autism (or derivatives
thereof) was defined by variations in three symptom domains, namely Reciprocal Social
Interaction, Communication, and Restricted, Repetitive Behaviors and Interests. With the
development of these subsequent DSM editions more detailed diagnostic definitions
were created and more subtypes were described, such as Autistic Disorder, Asperger’s
disorder, and Pervasive Developmental Disorder Not Otherwise Specified-PDD-NOS). The
foundation for this three-domain structure of the DSM-III/IV was merely based on clinical
judgment of symptom similarity rather than on empirical examination of the underlying
factor structure. Also, later empirical research on this topic is inconclusive. There is evidence
for a single continuously distributed underlying factor (Constantino, Hudziak, & Todd,
2003; Constantino, Przybeck, Friesen, & Todd, 2000), a two-factor structure with socialcommunicative behavior on one hand and stereotyped rigid behaviors on the other hand
(Frazier, Youngstrom, Kubu, Sinclair, & Rezai, 2008; Frazier et al., 2012; Gotham et al., 2008;
Gotham, Risi, Pickles, & Lord, 2007; Harstad et al., 2015; Mandy, Charman, & Skuse, 2012;
Snow, Lecavalier, & Houts, 2009), but also for a three-factor model (Georgiades et al., 2007;
Lecavalier et al., 2006; Lecavalier, Gadow, DeVincent, Houts, & Edwards, 2009; Norris,
Lecavalier, & Edwards, 2012; Ronald, Happe, Bolton, et al., 2006; Ronald, Happe, Price,
Baron-Cohen, & Plomin, 2006). Based on available research the structure of the diagnostic
criteria was revised in de DSM-5 into two diagnostic domains (American Psychiatric
Association, 2013). The first domain includes deficits in social communication and social
interaction and the second one restricted, repetitive patterns of behavior, interests, or
activities, and abnormal processing of sensory stimuli (Frazier et al., 2012; Huerta, Bishop,
Duncan, Hus, & Lord, 2012; Mandy et al., 2012; McPartland, Reichow, & Volkmar, 2012).
The structure of the proposed diagnostic domains however, has not been examined
as much in very young children. This should be of special interest since clinical features as
failure to develop peer relationships and lack of varied pretend play emerge not in the first
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year of life but somewhat later over the second and third year of development and cannot
be used as a diagnostic criterion at an earlier age. On the other hand, symptoms of repetitive
movements, like flapping or rocking, may be present not only in atypically developing but
also in typically developing infants (Thelen, 1981). Furthermore, characteristics of autism
may change over age and can become more obvious and severe, or more subtle and
difficult to detect. Therefore, in chapter 3 I will attempt to get insight into how the three
symptom domains of ASD cluster together in very young children in the general population
at 18 months.

Precursors of ASD: communication skills like joint attention
and language development
Since DSM criteria for ASD are often not yet applicable to infants, it is important to look at
precursors of ASD that can be more easily detected at a very early age. Early predictors for
autism spectrum disorders (ASDs) have been identified, particularly over the last decade
and include delayed social engagement, verbal and non-verbal communication, joint
attention, play skills and early motor skills (LeBarton & Landa, 2018; Miller et al., 2017;
Mitchell et al., 2006; Shumway & Wetherby, 2009; Trillingsgaard, Ulsted Sorensen, Nemec,
& Jorgensen, 2005; Ventola et al., 2007; Werner, Dawson, Osterling, & Dinno, 2000; Wetherby,
Watt, Morgan, & Shumway, 2007). For example, impairments of joint attention skills and
language in children with ASD have been observed already in infancy and toddlerhood
(Charman, 1997; Chiang, Soong, Lin, & Rogers, 2008; Naber et al., 2008; Osterling, Dawson,
& Munson, 2002; Veness, Prior, Eadie, Bavin, & Reilly, 2014). Joint attention is defined as the
capacity to engage in coordinated social interaction, which includes (1) sharing attention
(e.g., through the use of alternating gaze), (2) following the attention of others (e.g.,
following eye gaze or a point), and (3) directing the attention of another. Joint attention
subsequently is considered to provide the foundation of the shared experience that is
necessary for language acquisition (Tomasello, 1995). However, few studies have actually
longitudinally monitored the typical development of early communication skills, such as
joint attention and language (Carpenter, Nagell, & Tomasello, 1998; Deák, Flom, & Pick,
2000; Morales et al., 2000; Mundy et al., 2007; Naber et al., 2008; Ozcaliskan, Adamson, &
Dimitrova, 2016). Insight into the typical developmental trajectory of these skills and the
individual differences thereof are necessary to detect an anomalous trajectory. For this
reason, chapter 2 describes the development of early communication skills in the first
two years of life in typically developing children to find a more fine grained mapping on
this topic. An important strength of this study is the large time span of 8–24 months of age
in a longitudinal setup. I will investigate the developmental relationship between early
joint attention skills and later language skills, and between early language and later joint
attention skills. Sound statistical modeling enable us to investigate the influence of
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the developmental order of responsive and initiative joint attention skills on vocabulary
growth.

1

Screening of ASD traits at a very young age
To detect an anomalous trajectory of early social and communication skills, effective
screening methods are necessary to pick up children at risk for ASD. The need for screening
instruments to facilitate early recognition of autism and related disabilities has been
recognized for some time. Early recognition and screening of ASD may subsequently
contribute to starting interventions at an earlier phase and to a long-term symptom
reduction and improve cognitive, adaptive and social functioning (Dawson et al., 2010;
Eapen, Crncec, & Walter, 2013; Pickles et al., 2016; Warren et al., 2011). It may also reduce
long term costs for education, (supported) work and (sheltered) living for individuals with
ASD (Peters-Scheffer, Didden, Korzilius, & Matson, 2012). Over the last decades several
screening instruments were developed to screen for ASD. The Checklist for Autism in
Toddlers was one of the first instruments designed as a population screen for autism in
children at 18 months of age. The CHAT was based on the Theory of Mind construct and
joint attention and included nine parent report items combined with five observational
items that were completed by a home visitor. The CHAT was modified and extended to a
23-item parent questionnaire by researchers in the U.S. (Robins, Fein, Barton, & Green,
2001). This Modified Checklist for Autism in Toddlers (M-CHAT) incorporates the original
nine CHAT parent-questions as well as additional items, and eliminates the practitioner
observation component of the CHAT. The M-CHAT subsequently has been revised with
follow-up as the M-CHAT-R/F (Towle & Patrick, 2016). Another ASD screener is the
Communicative and Social developmental Signs (CoSoS; Previously called Early Screening
of Autistic Traits Questionnaire: ESAT). This is a questionnaire which consists of 14 Yes-No
items, and was developed as a primary screener to select children at risk for ASD in the
general population at 14 months (Buitelaar et al., 2009; Dietz, Swinkels, Van Daalen, Van
Engeland, & Buitelaar, 2006; Swinkels et al., 2006). The CoSoS is an empirically based,
bottom-up constructed questionnaire based on the review of prominent symptoms of
ASD in earlier studies (Dietz et al., 2006; Swinkels et al., 2006). Other primary screening
instruments for infants are the Checklist for Early signs of Developmental Disorders
(CESDD), which was developed for 3-36 month old children and can be filled out by child
care workers (Dereu et al., 2010) and the First Year Inventory (FYI), which is a parent report
measure to identify very young children at risk for ASD at 12 month-olds (Reznick, Baranek,
Reavis, Watson, & Crais, 2007; Turner-Brown, Baranek, Reznick, Watson, & Crais, 2013). There
are also several level 2 screeners, for ASD high risk children. See for an overview on autism
spectrum disorder screening instruments for very young children the systematic review of
Towle and Patrick (2016)
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Worldwide there are several studies that have screened for ASD in high risk infants
and toddlers and followed development over time (Chawarska et al., 2014; Oosterling
et al., 2010; Ozonoff et al., 2015; Stenberg et al., 2014; Surén et al., 2014; Towle, Vacanti-Shova,
Shah, & Higgins-D’alessandro, 2014). In most of the abovementioned studies, children
were considered to be at high risk because an older relative (usually a sibling) had been
diagnosed with ASD (so-called familial high risk) (Szatmari et al., 2016). Prospective studies
with familial high risk children disclosed a range of potential risk factors emerging in the
first years of life, like imitation deficits, reductions in social responsiveness, atypical joint
attention, and language delays (Jones, Gliga, Bedford, Charman, & Johnson, 2014). These
studies learn us that a greater focus on examining longitudinal relations between different
markers is important to mapping causal pathways for symptom development. (Jones et
al., 2014).
Surprisingly, very few data is published specifically on infants from the general
population detected merely by screening positive on an ASD screener in relation to other
behavioral or developmental problems at a later age. There are a few population studies
with a prospective data collection. In a population of 6,808 children between 3 and
39 months attending day-care centers in Flanders the Checklist for Early signs of
Developmental Disorders (CESDD) was evaluated. Of the 6,808 children screened, 41 got
a (working) diagnosis of ASD. Conclusion of this population study was that including child
care workers’ report on signs of ASD in screening procedures can help to identify cases of
ASD at a young age (Dereu et al., 2010). Further, the First Year Inventory (FYI) was tested in
a community sample of 1,305 nonselected families who had filled out the FYI when their
child was approximately 12 months old (Reznick et al., 2007). At three years old a subset of
699 children was followed up by questionnaires to determine developmental outcomes
regardless of their risk status on the FYI at 12 months old. Of the 699 children examined,
9 children had a diagnosis of ASD. Nearly half (4/9) of the children with ASD at age 3 met
risk cut-offs on the FYI at 12 months. Based on the FYI algorithm cut-offs 31% of the
children meeting those cut-offs had ASD and 85% had a developmental disability or
concern by age three (Turner-Brown et al., 2013). Based on the outcome this study suggest
that many children with eventual diagnoses of ASD may be missed at 12 months.
Continued surveillance and screening for ASD would be encouraged at multiple points
in development given the heterogeneity in characteristics and developmental course
present in this population.
In another community based sample of 20,770 children, trained Maternal and Child
Health nurses used a developmental surveillance approach in recognizing the early signs
of ASDs at 8, 12, 18 and 24 months. Infants/toddlers identified as “at risk” were referred for
developmental and diagnostic assessments. Of the 20,770 children 216 children were
referred, with 110 being further assessed. Of these, 89 children were classified with an ASD
at 24 months (ratio 1:233), and 20 children had developmental and/or language delays.
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Developmental surveillance of social and communication behaviors, which differ according
to the age at which the child is monitored, enables the identification of children at risk
for ASD between 12 and 24 months (Barbaro & Dissanayake, 2010). However, even with
intensive screening, a number of children at risk for ASD are still missed at this young age
given the prevalence ratio of 1:233 compared to one in 59 children aged 8 years old found by
The Autism and Developmental Disabilities Monitoring (ADDM) Network (Baio et al., 2018).
One of the larger population screening studies is the Norwegian Mother and Child
Cohort Study (MoBa) conducted by the Norwegian Institute of Public Health (Magnus et
al., 2006). It’s a prospective population-based pregnancy cohort study of 11,332 children.
To get insight into the social communication development of the screenings cohort a
questionnaire on maternal and child health, was completed by the mother when the child
was 18 months. Items were originally derived from different questionnaires like the CoSoS
(Buitelaar et al., 2009), Modified Checklist for Autism in Toddlers (M-CHAT) (Robins et al.,
2001), Ages and Stages Questionnaires (ASQ) (Squires, Bricker, & Potter, 1997), the Emotionality,
Activity, Shyness, Sociability Scale (EAS scale) (Buss & Plomin, 1984; Mathiesen & Tambs,
1999), Social Communication Questionnaire (SCQ) (Berument, Rutter, Lord, Pickles, & Bailey,
1999), and the NonVerbal Communication Checklist (NVCC) (Schjolberg, submitted). In
addition, information about child referral to educational services, child habilitation units,
and child psychiatry services until age 18 months and information about current and
past parental worries and health problems of the child was obtained. In chapter 4 I will
investigate if screening positive on the CoSoS and M-CHAT in this study is associated
with clinical referral by 18 months and other aspects of children’s development, health,
and behavior.
Another very large population based cohort is the SoSo project (Screeningsonderzoek
Sociale Ontwikkeling). This study is designed to detect children at risk of ASD at age 14-15
months in a general, unselected population of 31,724 children and to monitor them into
their school-age years (Dietz et al., 2006; Swinkels et al., 2006). Children were initially
screened with the CoSoS (Buitelaar et al., 2009), further clinically evaluated if screened
positive and followed with questionnaires filled in by their parents and teachers at school
age. In chapter 5 will examine whether very young children with a positive or negative
autism screen in the general population are still at increased risk for social, communicative
and behavioral problems at school age.
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Aims and outline of this thesis
The overall aim of this thesis is to get more insight into the development of social and
communication skills in infancy, population-screening of a deviant development of these
skills and structure of ASD related symptoms in de general population.
Chapter 2 describes the development of early communication skills in the first two years
of life in typically developing children. General aim was to find a more fine grained
mapping of the normal development of early communication skills which could make it
easier to detect an anomalous pattern of development, such as in children with autism
spectrum disorders (ASD). As said before, children with ASD show impairments of joint
attention skills and language already in infancy and toddlerhood (Charman, 1997; Chiang
et al., 2008; Naber et al., 2008; Osterling et al., 2002). The methodology of the study
described in this chapter is largely based on the study of Carpenter et al. (1998). I will
monthly monitor the emergence of joint attention skills, such as sharing, following, and
directing attention, and language skills (vocabulary) in a group of 23 typically developing
infants between 8 and 24 months of age. The three main objectives of this current study
are to establish the developmental trajectory of specific joint attention skills during the
first two years of life, to investigate the developmental interrelations of these different
joint attention skills with the size of receptive and expressive vocabulary, and to examine
whether the order of development of following and directing attention influences the
development of other early communication skills such as language.
In chapter 3 I will investigate the structure of autism spectrum disorder symptoms in
the general population at 18 months. In de former classification system DSM-IV ASD is
characterized by variations in three symptom domains, namely, deficits in social
interaction, deficits in verbal and nonverbal communication, and stereotypies and rigid
patterns of behavior (American Psychiatric Association, 1994). This chapter focuses on
whether symptoms of autism spectrum disorder (ASD) in young children in the population
fit this three-factor structure of ASD as described in the DSM-IV or if it fits the two-structure
model of the DSM 5. Further, by studying the distribution of ASD symptoms in the general
population I aim to get insight into how the three symptom domains of ASD cluster
together in very young children in the general population. I will analyze questionnaire
data on ASD symptoms filled in by mothers of 11,332 18-month-old children that was
collected in the context of the Norwegian Mother and Child Cohort Study conducted by
the Norwegian Institute of Public Health.
Although screening instruments like the M-CHAT and CoSoS have been tested and
validated in high risk samples as well as unselected pediatric samples at various ages,
the psychometric properties as primary screeners in the general population at 18 months
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are not yet fully investigated or replicated. Chapter 4 gives insight into the CoSoS and
M-CHAT as screening instruments for autism spectrum disorders at 18 months in the
general population. In addition, I will investigate if screening positive on the CoSoS and
M-CHAT is associated with clinical referral by 18 months and other aspects of children’s
development, health, and behavior. Mothers of 12,948 18-month-old children returned a
questionnaire consisting of items from the CoSoS and M-CHAT, plus questions about
clinical and developmental characteristics. The main three aims of this chapter are to
investigate the overlap and difference between screen-positive children identified using
the CoSoS or the M-CHAT, get insight into what extent the M-CHAT and CoSoS are
associated with clinical referrals by 18 months, and what the associations are between
screen positives and other aspects of child development, health and behavior.
In chapter 5 I will examine whether very young children with a positive autism screen in
the general population are still at increased risk for social, communicative and behavioral
problems at school age. Investigating not only later ASD symptoms, but also broader
behavioral or developmental problems could be of great interest since ASD can only very
rarely be constructed as an isolated disorder and should always be considered in a context
of other neurodevelopmental disorders (Barnevik Olsson et al., 2016), for example ADHD
(Rommelse, Geurts, Franke, Buitelaar, & Hartman, 2011; Thapar, Cooper, & Rutter, 2017;
Visser et al., 2017). I aim to get insight in the behavioral and developmental outcome of
children from the general population with early signs of social communicative problems,
based on a prescreen and subsequently autism spectrum (ASD) questionnaire at 14 months
of age. Follow-up included parent and teacher questionnaires (SCQ, CBCL, TRF) five years
after the initial (pre)screen.
In chapter 6, I will present a summary and a discussion of the results of the empirical
chapters.
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Published as*:
Beuker, K. T., Rommelse, N. N. J., Donders, R., & Buitelaar, Jan. K. (2013). Development of early
communication skills in the first two years of life. Infant Behavior and Development, 36(1),
71–83. https://doi.org/10.1016/j.infbeh.2012.11.001
*Adapted from the original form for this thesis.

Chapter 2 | Development of early communication skills

Abstract
The first two years of life is a crucially important period for the development of
communication skills. In this study joint attention and language development were
monthly assessed between 8 and 24 months of age in a sample of 23 typically developing
children to establish the developmental trajectory of specific joint attention skills, to
investigate the developmental interrelations of these different joint attention skills with
vocabulary size, and to examine whether the order of development of following and
directing attention influences the development of other early communication skills such
as language. All joint attention skills emerged between 8 and 15 months of age and
responsive joint attention skills tend to emerge before initiative joint attention. Early joint
attention skills influenced later language development, but not the other way around.
Children in whom directing attention with gaze alternation developed early (in age or
order), showed a relatively larger early vocabulary growth. A fine grained mapping of the
normal development of early communication skills can be helpful in the early detection of
abnormalities in these skills.
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Introduction
It is from the very beginning of life that infants show a remarkable sensitivity to social
stimuli (Striano & Rochat, 1999). In the first months of life they rapidly learn that the gaze
and looking behavior of others contains important information (Farroni, Csibra, Simion, &
Johnson, 2002; Symons, Hains, & Muir, 1998). Making eye contact is a potent means of
establishing a communicative link in humans. A milestone in early communicative
development is the emergence of joint attention between an adult, an infant, and some
object or event. Joint attention is defined as the capacity to engage in coordinated social
interaction, which includes 1) sharing attention (e.g., through the use of alternating gaze),
2) following the attention of others (e.g., following eye gaze or a point), and 3) directing
the attention of another. The description of the early communication skills (sharing,
following and directing attention) is shown in Table 2.1. Another milestone in early
communicative development is the acquisition of language (Table 2.1). Language is an
essential skill as it influences other domains, such as social and cognitive development.
However, the exact longitudinal interrelations between joint attention and language
development deserve further attention.
Only a few studies have monitored the development of early communication skills,
such as joint attention and language, longitudinally. This is of importance, because it
enables to get a detailed view on the developmental trajectory of these skills and the
individual differences thereof. One such longitudinal study was conducted by Carpenter
and colleagues (1998) who investigated social cognition, joint attention, and communicative
competence from 9 to 15 months of age in a group of 24 typically developing children.
The focus of the study was the initial emergence of infants’ social-cognitive skills and how
these skills were related to one another in a developmental framework. A stable pattern of
emergence was found: infants progressed from sharing, to directing, to following others’
attention and behavior. However, Carpenter and colleagues appeared to have applied
scoring criteria of proximal gestures (showing) such that it resulted in a different order of
emergence whereby infants progressed from sharing, to following, to directing. Although
Carpenter et al. investigated a wide range of skills, the age span was limited mainly because
several early communication skills had not emerged fully at 15 months. Other longitudinal
studies had methodological shortcomings, such as using only a few assessment times or
including only a few early communication skills (Morales et al., 2000; Mundy et al., 2007;
Naber et al., 2008), or measuring early communication skills at one time point or just a few
skills at several ages during a certain time span in a cross-sectional set-up (Deák et al.,
2000). Yet it is essential to measure a complete set of early communication skills in a
longitudinal fashion in order to establish the developmental order of specific early
communication skills. This knowledge, together with knowledge of individual differences
in typically developing children, could make it easier to detect a anomalous pattern of
development, such as in children with autism spectrum disorders (ASD), who show
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A triadic interaction that involves the infant’s alternation
of gaze between an object and the adult with the
intention to integrate attention to the object and the
person in one interaction or monitoring the adult’s
attention.

Following the direction of the gaze or manual pointing
gesture of another to an outside object.

Direct the attention of others by giving, showing,
reaching and/or by pointing towards objects or situations
with a imperative or declarative intention.
Imperative gestures request behavior and declarative
gestures request the attention of others6.

System of communication through the use of making
sounds and speaking and understanding words.

Sharing attention

Following attention

Directing attention

Language

First year of life: Cooing and babbling
First birthday: first simple words besides mum and dad
18 months: productive vocabulary of 10-20 words
Second birthday: words symbolize or represent objects,
actions, and thoughts and productive vocabulary expands
around 100 words.

The first imperative and declarative gestures with and
without gaze alternation emerge around 9-10 months
of age and becoming more frequent between 12 and 15
months of age7.

6 months: following the head movement of an adult with
their eyes or turning their head in the right direction2.
Till 12 months: fixating on the first object along the scan
path even if it is not the target object3.
12-18 months: more and longer joint attention and able to
follow attention to objects outside their visual field4.
Point following tends to emerge before gaze following5.

Sharing attention emerges around 9 months of age1

Development

(Bakeman & Adamson, 1984; Carpenter et al., 1998; Saxon, 1997; Trevarthen & Hubley, 1978); 2 (Butterworth & Cochran, 1980; Butterworth & Jarrett, 1991; Morales, Mundy,
& Rojas, 1998); 3 (Butterworth & Cochran, 1980; Butterworth & Jarrett, 1991); 4 (Deák et al., 2000); 5 (Butterworth & Jarrett, 1991; Carpenter et al., 1998; Morissette, Ricard,
& Décarie, 1995); 6 (Bates, Camaioni, & Volterra, 1975); 7 (Bates et al., 1975; Carpenter et al., 1998; Liszkowski, Carpenter, Henning, Striano, & Tomasello, 2004; Tomasello, 1995)

1

Description

Early communication skill

Table 2.1 Description of early communication skills: sharing, following and directing attention and language.
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impairments of joint attention skills and language already in infancy and toddlerhood
(Charman, 1997; Chiang et al., 2008; Naber et al., 2008; Osterling et al., 2002). Therefore,
the first aim of the current study was to establish the developmental trajectory of specific
joint attention skills during the first two years of life.
A second important aim was to investigate the developmental interrelations of these
different joint attention skills with the size of receptive and expressive vocabulary. Joint
attention is considered to provide the foundation of the shared experience that is
necessary for language acquisition (Tomasello, 1995). In other words, “joint engagement
interactions are based on social processes more basic than language and therefore make
language acquisition possible by creating a shared referential network within which the
child may experientially ground the language used by adults” (Carpenter et al., 1998).
Bruner (1974, 1975, 1977, 1983) has set the argument that there is a continuity in the process
by which children communicate with others prelinguistically and linguistically and that
processes of joint attention are at the root of this commonality. In line with Bruner’s
groundwork (1974, 1975, 1977, 1983), most studies indicate that joint attention, and in
particular following attention and directing attention, stimulates language acquisition
and not the other way around (Bakeman & Adamson, 1984; Brooks & Meltzoff, 2005;
Carpenter et al., 1998; Morales et al., 2000; Mundy et al., 2007; Ninio & Bruner, 1978; Smith,
Adamson, & Bakeman, 1988; Snow & Goldfield, 1983; Tomasello & Todd, 1983). Joint
attention episodes are object-mediated social interactions that provide a base for word–
object mappings by helping infants to identify the intended referent of parents’ language
and by that stimulating the language acquisition (Dunham & Dunham, 1992; Ninio &
Bruner, 1978; Tomasello, 1988). However, the reverse has also been documented. One
study found an effect of expressive language skills at 12 months on the number of joint
attention episodes initiated by the child at 18 months and of receptive language skills at
12 months on the duration of the mother-child joint attention episodes at 18 months,
which may be explained by the theory that early developing communication skills of the
infant may influence the mother-child dyadic interactions an subsequently language
development (Markus, Mundy, Morales, Delgado, & Yale, 2000). Most previous studies
investigated the relationship between early communication skills with language skills as
an outcome measure at a later age or measured joint attention skills and language at
different times or only at a few time points. Our study adds importantly to the existing
literature by being the first to monitor the emergence of joint attention skills and language
development in children over the period 8 to 24 months of age, using very frequent
assessment times, enabling us to investigate the developmental relationship between
early joint attention skills and later language skills, and between early language and later
joint attention skills.
A final aim of this study was to test the hypothesis that infants who show directing
attention before following attention are more communicative because they actively
engage in social interaction instead of only passively following the attention of others.
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Directing attention is considered a more complex behavior than following attention,
because it reflects the child’s understanding of the other as intentional agents whose
attention and behavior can be directed (Bates, Benigni, Bretherton, Camaioni, & Volterra,
1979). Moreover, directing attention must be accompanied by gaze alternation as it is an
act of intentional communication which is aimed at another person and not at the goal
itself (Bates et al., 1979). Given some children develop directing attention earlier than they
develop following attention, and other children the other way around (Carpenter et al.,
1998; Lempers, 1979; Lempers, Flavell, & Flavell, 1977; Leung & Rheingold, 1981), we aimed
to examine whether the order of development of following and directing attention affects
the vocabulary growth.
In the current study, of which the methodology is largely based on the study of
Carpenter et al. (1998), we monthly monitored the emergence of joint attention skills,
such as sharing, following, and directing attention, and language skills (vocabulary) in a
group of 23 typically developing infants between 8 and 24 months of age. The three
main objectives of this current study were to establish the developmental trajectory of specific
joint attention skills during the first two years of life, to investigate the developmental
interrelations of these different joint attention skills with the size of receptive and expressive
vocabulary, and to examine whether the order of development of following and directing
attention influences the development of other early communication skills such as language.

Methods
Participants
Twenty-three children (15 boys and 8 girls) participated in the study. At the start of the
study, all children were 8 months old, except for one child who started at 9 months
because the child was ill at the time of the originally planned assessment. Thirteen
children were firstborns. Most (n=21) of the participating families were Caucasian (one
child had an African father and one child had an Asian mother) and the majority of the
families (91.3%) had an average to high socioeconomic status. Children were selected by
the physician of the well-baby clinic if they had shown normal development in the areas
of play, social behavior, and communication and if they had no (severe) physical disability.
During the study, none of the children showed signs of delayed or aberrant development
in these areas, and all screened negative on the Communicative and Social developmental
Signs (CoSoS: Dietz et al., 2006; Swinkels et al., 2006) filled out by a parent at 18 and 24
months.
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Procedure
The physicians of well-baby clinics were informed about the study by letter and asked to
distribute an information letter among parents who visited the baby-well clinics for their
child’s regular check-up at 6 months. Parents could send back a reply form if they wanted
to participate. The parents were then called and given more information about the study
and an appointment was made to visit the parents at home. Information on pregnancy,
health, daily life, and development of the children prior to inclusion in the study was
collected by questionnaire. Home visits were scheduled every month, at about the child’s
monthly “birthday” and consisted of a standardized observation and a free-play session
with a parent. During the standardized observation, a parent was present in the room but
stayed out of sight of the child. The same tasks were used at each home visit, so that the
development of joint attention skills could be studied. All home visits were videotaped
and scored afterwards by trained study staff (see for specific scoring procedures Table 2.2).
Informed consent was obtained from each participant, and the regional Medical Ethics
Committee of the University Medical Centre St Radboud had approved the study.

Instruments
Standardized observation
The standardized observation was a modification of that used in the study of Carpenter
et al. (1998) and is described in detail in Table 2.2. During the observation period (about
15 minutes), the experimenter, who sat opposite the child, tried to provoke sharing,
following, and directing attention of the child. There was only one sharing attention skill.
Following attention consisted of gaze following and point following within and outside
the visual field. Directing attention was a collection of imperative gestures and declarative
gestures with and without gaze alternation, which could be further subdivided into
proximal (show/ give) and distal (point/reach) gestures.
The early communication skills, including all joint attention skills and referential language,
were scored present or absent, based on the specific scoring instructions described in
Table 2.2. The standardized observation started with the following attention tasks,
followed by the direction attention tasks. If necessary, the order of tasks was altered,
to maintain the attention, motivation, and wellbeing of the child. The set-up of the
following attention tasks and the sequence of the trials are shown in Figure 2.1. The various
stuffed animals were placed in a random order and the observation was started randomly
with the animal on the left or on the right of the child.
Before each following task, the experimenter first tried to make eye contact with the
child by calling its name, touching the child, or making a sound. When eye contact was
established, the experimenter turned her head and eyes in the direction of a target object.
For the gesture following task the turning of the head and eyes was accompanied by
pointing to the object. For sharing and directing attention only spontaneous behaviors of
the child were scored; prompted behaviors such as giving as a response to the phrase
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Looked at the adult without the intention to share and/or not
integrated an object and the other in one interaction (dyadic).

Alternated his/her gaze from an adult to an object and
back to the adult (or vice versa) with the intention to share
(triadic).

Checking behavior

Sharing attention

Followed the pointing gesture and correctly localized both
objects pointed at within the visual field.

Followed the gaze and correctly localized the one object
gazed at outside the visual field.

Followed the pointing gesture and correctly localized
the one object pointed at outside the visual field.

Gesture

Gaze behind

Gesture behind

Wind-up toy that suddenly stopped playing or a transparent
see-though locked box with a highly interesting toy in it
were placed in front of the child.

Tried to direct the behavior of the test leader or parent to
an object or situation by giving, pointing or reaching.
Gestures with and without gaze alternation were scored
separately throughout the entire home visit.

Produced spontaneous one or more referential words
during the entire home visit.

Imperative gestures

Referential
Language

No specific instrument or task.

A remote control toy moved or a puppet show appeared
outside the view of the experimenter.

Tried to direct the attention of the test leader or parent to
an object by giving, showing or pointing. Gestures with and
without gaze alternation were scored separately throughout
the entire home visit.

6 stuffed animals were placed around the child of which 4
within the visual field (two besides and two in front) and two
outside the visual field (behind) of the child. The first three
stuffed animals were only gazed at by the experimenter and
the last three were accompanied with a pointing gesture,
both sets in the order of beside the child, in front of the child,
and behind the child (Figure 2.1). Child received a maximum
of 3 prompts per stuffed animal.

No specific instrument or task.

No specific instrument or task.

Instruments and tasks

Declarative gestures

Directing attention

Followed the gaze and correctly localized both objects
gazed at within the visual field.

Gaze

Following attention

Scored present if the child:

Behavior

Table 2.2 Descriptions of instruments and scoring principles of all measured early communication skills in the standardized observation task.
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“Give me that” and alternating gaze because the other made a sound were not scored.
In addition, only those gestures were scored that had an intention to share or direct
attention. For example, just raising the arms without integrating an object was not scored
as reaching. To distinguish between declarative and imperative gestures of the child a
‘two step procedure’ was followed. When the child made a gesture, the experimenter first
reacted by acknowledging the target of the child’s gesture (in this way acknowledging a
declarative intention). At this stage, if the child was content with the adult’s attention, the
gesture was coded as declarative. If the gestures of the infant persisted, these were
considered to be imperative. The Age of Emergence (AOE) of a specific skill was the age a
child first showed that skill, independent of the score the child had in later months.

6
Ge

3
Ga
Infant

1
Ga

4
Ge

Experimenter
5
Ge

2
Ga
C
Observer

Figure 2.1 Set-up, sort, and order of assessment (Ga: gaze or Ge: gesture) of the six stuffed
animals, and the position of the infant, experimenter, observer and video camera (C).

The following modifications of the method of Carpenter et al. (1998) were made. First, the
monitoring period was extended from 9 to 15 months to 8 to 24 months because
Carpenter et al. found that all infants already shared attention with an adult at 9 months
and that most infants did not produce any referential word by 15 months. Second,
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communicative gestures were included, such as giving, showing, and pointing without
gaze alternation. Carpenter and colleagues only scored directing attention through
communicative gestures if it was accompanied by gaze alternation. However, directing
attention without gaze alternation as dyadic interaction could be a precursor of triadic
interactions, which could provide information about the developmental trajectory of joint
attention. Third and last, a gaze and gesture following task to an object outside the visual
field of the child was included in addition to the attention following task used in the
Carpenter study. Following attention to an object outside the visual field develops a few
months after gaze or gesture following within the visual field (Butterworth & Jarrett, 1991;
Deák et al., 2000) but the reason for this delay is not known.

Free play
The materials used for free play were different toys, such as books, a tower with wooden
rings, balls, and action-reaction toys. The toys were adapted to the age of the child and
changed every few months to keep them interesting for the child.
Receptive and expressive vocabulary
The size of vocabulary was measured with the MacArthur Communicative Development
Inventory: Words and Gestures (Fenson et al., 1993). This questionnaire was filled out by
the parents at 8, 12, 18, and 24 months, around the time of the home visit. Parents
documented the child’s understanding of hundreds of early vocabulary items separated
into semantic categories such as animal names, household items, and action words.
Parents marked the words understood or used. Size of receptive (words understood) and
expressive vocabularies (words used) were scored.
To calculate the inter-observer reliability, 76 home visits were scored by a second observer,
resulting in an interrater agreement expressed by a Cohen’s Kappa of .899 (sd = .015,
p <.001) for all observed joint attention behaviors. The percentages of agreement for the
separate behaviors were between 83.4 and 100% with a mean of 95%.

Statistical Analyses
In the dataset the child passed the test for a joint attention skill if the child met the criteria
for that skill at a certain month and consequentially scored as passed the month thereafter.
The sporadic missing observations were mostly at the end of the study at the age the
children already passed the test for a joint attention skill. Because of this, the missing
observations did not have any influence on the dataset.
The first aim of this study was to establish the developmental trajectory of specific
joint attention skills. We therefore investigated the age at which skills first emerged and
the sequence with which these skills emerged. McNemar tests were performed to identify
the AOE of individual joint attention skills. McNemar test is a non-parametric method used
for dichotomous data and was used to determine whether the proportion children
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showing a skill at age X was significantly different from the proportion of children showing
that same skill at age X+1 month (Houwelingen, Stijnen, & Van Strik, 1993; Petrie & Sabin,
2005). Also, descriptive statistics of the AOE (mean) were calculated for each aspect of joint
attention and compared with those reported by Carpenter et al. (1998). To identify the
most common developmental sequence of joint attention skills, the order of emergence
(OOE) for the whole group was determined based on the mean AOE. The OOE of the joint
attention skills was also identified for each infant. If two skills emerged in the same month,
the OOE of the two skills was considered representative, i.e. the skill that developed first
based on the whole group analyses was considered to have emerged first.
The second aim of this study was to investigate the developmental interrelations of
the different joint attention skills with receptive and expressive vocabulary. The association
with language was investigated by using effect size correlations (Rosenthal, 1991). The
effect size correlation can be computed directly as the point biserial correlation between
a dichotomous independent variable and a continuous dependent variable. For this study
effect size correlations were computed between the children that showed a joint attention
skill and children that didn’t show a joint attention skill at each month and the size of
vocabulary at 8, 12, 18, and 24 months. Only substantial effect size correlations above .40
were mentioned, which were considered to be moderate and therefore of interest (Kotrlik
& Williams, 2003). Further, the groups of children passing or not passing the test for a skill
must be at least 3 children, to lower the sensitivity for violating assumptions like normality
and equal variances.
In addition, correlations between the AOE of the different joint attention skills with
the size of vocabulary at 8, 12, 18, and 24 months were calculated. In the results these
values are presented mirrored, because a negative value for the correlations between the
AOE and the size of vocabulary actually has a positive meaning: the earlier children
showed a skill, the larger their vocabulary was at a certain age. Again, only substantial
correlations above .40 were mentioned.
The third and last aim of this study was to examine whether the order in which
following and directing attention with gaze alternation developed influenced the
development of vocabulary. Mixed effect Poisson regression models with a log link were
used. A random intercept to model the dependence caused by the repeated measurements
was used. Inspection of the residuals showed that this resulted in an acceptable fit. Since
we did not want to assume a functional form for the growth pattern, age was entered
(measured in months) as a factor variable. To test whether the development of following
attention before directing attention (with gaze alternation) or directing before following
resulted in a different pattern of vocabulary growth, models with and without an AOE
interaction were compared. It should be noted that for expressive vocabulary the
measurements at age of 8 months had to be excluded because the children showing the
order of developing directing attention with gaze alternation before following attention
had a vocabulary size of 0. The mixed effect Poisson regression models were fitted in R
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using the lmer function from the lme4 package (Bates & Maechler, 2009). For the other
analysis the statistical software package SPSS 15.0 was used.

Results
Developmental Trajectory of Joint Attention Skills
Age of Emergence (AOE)
The AOE of the specific joint attention skills is shown in Table 2.3. All measured joint
attention skills emerged between 8 and 15 months of age on average. The smallest
variation was found for sharing attention and directing attention without gaze alternation,
since all children displayed these skills between 8 and 10 months of age. The largest
variation was found for directing attention with gaze alternation, in particular imperative
gestures, since children showed these skills between 8 and 21 months of age. Significant
age effects were found for sharing attention between 8 and 9 months (McNemar, p< .05),
following attention between 9 and 10 months (McNemar, p< .01), specifically gaze
following between 12 and 13 months (McNemar, p< .05), and gesture following between
9 and 10 months (McNemar, p< .01). For directing attention without gaze alternation age
effects were found between 8 and 9 months (McNemar, p< .05), and specifically declarative
gestures without gaze alternation between 10 and 11 months (McNemar, p< .05). For
directing attention with gaze alternation significant age effects were found between 10
and 11 months (McNemar, p< .01), specifically imperative gestures with gaze alternation
also between 10 and 11 months (McNemar, p< .05). Sex or birth order did not affect the
AOE of joint attention skills.
The results showed some overlap and differences with those of Carpenter et al (1998).
T-test comparisons between the AOEs of both studies revealed that following attention
in total (FA) and gesture following (FA-ge) emerged significantly earlier in this study than
in the study of Carpenter et al. (FA: Meancur = 10.3, SD= 2.0; MeanCarp = 11.5, SD= 1.6;
t= 2.26, df= 45, p< .05; FA-ge: Meancur = 10.35, SD= 2.1; MeanCarp = 11.7, SD= 1.8; t= 2.34,
df= 45, p< .05). Further, children in the current study were significantly later in developing
directing attention (with gaze alternation) in total (Meancur = 11.57, SD= 2.3; MeanCarp =
10.3, SD= 1.4; t= 2.31 df= 45, p< .05) and sub-skills such as declarative gestures with gaze
alternation (Meancur = 13.00, SD= 2.3; MeanCarp = 10.3, SD= 1.6; t= 4.61, df= 44, p< .01),
proximal declarative gestures with gaze alternation (Meancur = 14.26, SD= 2.7; MeanCarp =
10.5, SD= 1.6; t= 5.68, df= 41, p< .001) and distal declarative gestures with gaze alternation
(Meancur = 14.0, SD= 2.6; MeanCarp = 12.6, SD= 2.0; t= 2.06, df= 44, p< .05). However,
comparisons between the AOEs of directing attention in the study of Carpenter et al. and
directing attention without gaze alternation in the current study revealed no significant
differences for declarative gestures (Meancur = 10.74, SD= 1.6; MeanCarp = 10.3, SD= 1.6;
t= 0.93, df= 45, p= .36), proximal declarative gestures with gaze alternation (Meancur =
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11.48, SD= 1.8; MeanCarp = 10.5, SD= 1.6; t= 1.97, df= 45, p= .06) and distal declarative
gestures with gaze alternation (Meancur = 11.7, SD= 2.3; MeanCarp = 12.6, SD= 2.0; t= 1.44,
df= 45, p= .16). No difference between the studies was found for imperative gestures with
gaze alternation. The difference between the studies’ AOE for sharing attention could not
be calculated because this skill was shown by all children at the minimal age in the study
of Carpenter.

Table 2.3 Descriptive statistics of checking behavior, specific joint attention skills and
referential language.
Early communication skill

(N)

Mean (SD)

Min

Max

Checking behavior

23

8.09 (0.29)

8

9

Directing attention without g.a.

23

8.43 (0.59)

8

10

Directing attention imperative

23

8.57 (0.95)

8

12

Imperative Proximal (give)

23

12.26 (1.68)

9

15

Imperative Distal (point/ reach)

23

8.57 (0.95)

8

12

23

10.74 (1.63)

8

13

Declarative Proximal (show/give)

23

11.48 (1.81)

8

15

Declarative Distal (point)

23

11.70 (2.29)

8

17

Directing attention declarative

Sharing attention

23

8.48 (0.67)

8

10

Following attention

23

10.30 (2.01)

8

15

23

13.17 (1.80)

11

18

Gaze
Gesture
Directing attention with g.a.

23

10.35 (2.12)

8

16

23

11.57 (2.27)

8

20

Directing attention imperative with g.a.

23

12.17 (2.48)

8

20

Imperative Proximal (give) with g.a.

23

13.57 (2.45)

9

20

Imperative Distal (point/ reach) with g.a.

23

13.13 (2.90)

8

21

Directing attention declarative with g.a.
Declarative Proximal (show/give) with g.a.
Declarative Distal (point) with g.a.
Following attention behind
Gaze behind
Gesture behind
Referential Language

22

13.00 (2.33)

9

18

19

14.26 (2.71)

10

19

22

14.00 (2.60)

9

20

23

13.09 (1.41)

12

16

23

13.91 (1.47)

12

16

23

13.39 (1.67)

12

17

21

16.95 (2.46)

13

21

g.a., gaze alternation.
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Cumulative Percentage of Infants Who Passed

Order of Emergence (OOE)
On the basis of the mean AOEs of the total sample, the overall OOE was: checking behavior
→ directing attention → sharing attention → following attention → directing attention
with gaze alternation → following attention to outside the visual field → referential
language. The cumulative percentage of infants who showed a skill at each month is
shown in Figure 2.2. The OOE of the joint attention skills of each infant individually was
also determined. In total, 8 of the 23 children (34.8%) showed an OOE concordant with the
overall OOE.
100

80

60

CB
SA
DA
FA
DA-ga
FA-b
RL

40

20

0
8

9

10

11

12

13

14

15

16
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21
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23

24

Age in Months

Figure 2.2 Cumulative percentage of infants passing each of the early communication
skills at each age in months.
CB= Checking behavior, SA= Sharing attention, DA= Directing attention, FA= Following attention, DA-ga=
Directing attention with gaze alternation, FA-b= Following attention behind, RL= Referential Language

Developmental Interrelations of the Different Joint Attention Skills
with Receptive and Expressive Vocabulary
Effect sizes rpb were calculated for the comparison of vocabulary size at 8, 12, 18 and 24
months between the groups that passed the test for a joint attention skill and the group
that has not passed the test for a joint attention skill. Only substantial effect sizes (effect
size > 0.4) will be reported. In addition, correlations between the AOE of the different joint
attention skills with the size of vocabulary at 8, 12, 18, and 24 months were calculated. Only
substantial correlations higher than .40 were reported. For both analysis it should be
noted that for expressive vocabulary the measurements at age of 8 months had to be
excluded because the maximum expressive vocabulary size at this age was only 2 words.
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Early joint attention skills in relation to later vocabulary
Sharing attention at 8 months showed a positive relationship with receptive vocabulary at
18 months (rpb = .45). Further, following attention within the visual field at 10 and 11
months showed a positive relationship with receptive vocabulary at 18 months (rpb = .52).
Thus, children who showed following attention within the visual field at 10 and 11 months
had larger receptive vocabularies at 18 months of age. Following attention outside the
visual field at 14 months was also positively correlated with receptive language at 18
months (rpb = .45). The AOE of sharing attention and following attention within and
outside the visual field showed a positive relationship with receptive vocabulary at 18
months (Sharing attention: r = .50; Following attention inside and outside visual field: both
r = .42). This means that the earlier children showed sharing attention and following
attention (within and outside the visual field), the more words they understood at 18
months.
The use of declarative gestures without gaze alternation at 9 months showed a
positive relationship with expressive language at 18 months (rpb = .47). Further, declarative
gestures without gaze alternation at 10 months showed a positive relation with receptive
vocabulary at 12 months (rpb = .41) and 18 months (rpb = .41).
Directing attention by the use of gestures with gaze alternation at 9 months showed
a positive relationship with receptive language at 12 months and 18 months (i.e. rpb = .50;
rpb = .40) and expressive language at 12 months (rpb = .45).
Early vocabulary in relation to later joint attention skills
No significant effect sizes of early vocabulary size on later joint attention skills were found.
The AOE of joint attention skills also showed no relationship with early receptive and
expressive vocabulary size.

The Developmental Order of Following and Directing Attention with
Gaze Alternation in Relation to Size of Vocabulary
In the current study, 18 of the 23 children (78.3%) showed following attention before
directing attention with gaze alternation, which is significantly more than would be
expected based on chance only (p< .01; 95% CI: 56.3% - 92.5%). The other 5 children (21.7%)
showed directing attention with gaze alternation before following attention. In this group
of 5 children, the AOE of directing attention with gaze alternation was significant younger
than that of the group of 18 children who showed following attention before directing
attention with gaze alternation (MeanDA-ga-> FA = 9.60, SD= 1.34; MeanFA->DA-ga = 12.11, SD=
2.19; t=2.42, df= 21, p< .05). In addition, the AOE of following attention in the group of 5
children was significantly older than that of the group of 18 children who showed
following attention before directing attention with gaze alternation (MeanDA-ga-> FA =
12.60, SD= 2.51; MeanFA->DA-ga = 9.67, SD= 1.33; t=3.57, df= 21, p< .01). Compared to the
mean AOE of the complete sample (N=23), the group of 5 children who showed directing
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Figure 2.3 Size of receptive vocabulary at each age in months by group.
FA= Following attention, DA-ga= Directing attention with gaze alternation

attention with gaze alternation before following attention had a significantly older AOE of
following attention (t=2.23, df= 26, p< .04), but a comparable AOE of directing attention
with gaze alternation (p< .05). The group of 18 children who showed following attention
before directing attention with gaze alternation did not differ from the mean group AOE’s.
Differences between these groups of children were further investigated with respect
to the size of vocabulary between 8 and 24 months of age. Both for receptive vocabulary
and for expressive vocabulary, the models with an AOE interaction fitted substantially
better than the models without these interactions (Likelihood Ratio Tests, χ2 = 208.75, df =
16, p < 0.001 for receptive vocabulary and χ2 = 236.47, df = 15, p < 0.001 for expressive
vocabulary), indicating that the growth curves were not parallel in the groups. In other
words, the ratio of vocabulary size in the two groups was different across ages. The group
of children who showed directing attention with gaze alternation before following
attention had a larger vocabulary when aged 10–18 months (receptive vocabulary, 10 to
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Figure 2.4 Size of expressive vocabulary at each age in months by group.
FA= Following attention, DA-ga= Directing attention with gaze alternation

15 months; expressive vocabulary, 14 to 18 months) than would be expected by chance
alone. The results are shown in figures 3 and 4. The points in the figures depict the mean
observed vocabulary size and the lines depict the mean predicted vocabulary size based
on a model without an AOE interaction. The models with the interaction are full models
and thus predict the points perfectly.
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Discussion
The three main aims of the current study were to establish the developmental trajectory
of specific early communication skills, to investigate the developmental interrelation of
different joint attention skills with the size of receptive and expressive vocabulary, and to
examine whether the order of development of following attention and directing attention
influenced the development of language. More fine grained information about the
development of early communication skills and individual differences in typically
developing children might make it easier to detect an anomalous pattern of development
in, for example, children with ASD. Also, more knowledge about the order of development
and the effects of different skills on language development could have implications for
what to focus on in early intervention programs for ASD and language disorders.
All joint attention skills emerged between 8 and 15 months of age on average.
The most common order of emergence was checking behavior → sharing attention →
directing attention → following attention → directing attention with gaze alternation →
following attention outside the visual field → referential language. This was true for the
group as a whole and for 34.8% of the individual infants. Since less than halve of the
infants showed the most common pattern of development, there seems to be a large
variation in the developmental patterns of joint attention skills. This implies that the detection
of a typical and consequently an atypical development is difficult. One hypothetical
explanation for the various developmental patterns is that development could be more
like a matrix with factors mutually influencing each other, rather than a model with linear
effects of A on B. An implication thereof would be that we have to find processes that
“play beneath the surface” (in other words the behavioral level of observed symptoms and
skills) and on a more cognitive-brain physiological level (in modern jargon biomarkers or
endophenotypes). Another hypotheses could be that we should acquiesce in that the
development is stochastic, which means that there is some indeterminacy in its future
development described by probability distributions, instead of dealing with only one
possible reality of how the process might evolve over time. This means that even if the
initial condition (or starting point) is known, there are many possibilities the process might
go to, but some paths may be more probable and others less so.
These current findings support the generally held view that the period from 9 to 15
months of age is crucially important for the emergence of early communication skills, with
infants progressing from sharing, to following, to directing others’ attention and behavior.
We also found that directing attention without gaze alternation emerged very early,
before following attention, whereas directing attention with gaze alternation tended to
emerge after following attention. This implies that children were able to make gestures
very early in life but that it took a few months before they could coordinate these gestures
with gaze alternation and improve them as a communicative skill. Another important
finding is that following attention to an object outside the visual field emerged in most
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cases after directing attention with gaze alternation. So although children were able to
follow the attention of others before their first birthday, it took a further 3 months before
they were able to follow attention to an object outside the visual field. This implies that
other skills, such as object permanence, might play a role in the emergence of following
attention to an object outside the visual field. Piaget (1954) concluded that object
permanence and the understanding of unobserved physical events develop over the first
two years of life. While a number of studies, using looking time, have shown a much earlier
understanding of physical events (Baillargeon, 1987; Spelke, Breinlinger, Macomber, &
Jacobson, 1992) research continues to show that toddlers have surprising difficulties in
manual search tasks that involve the same physical laws (Berthier, DeBlois, Poirier, Novak,
& Clifton, 2000; Hood, 1995; Hood, Carey, & Prasada, 2000). Thus, while infants do seem
able to reason about scenarios in which objects were out of view for some time, they may
nevertheless have difficulty thinking about objects and generating responses during the
time that the objects are not visible to them. In sum, the first two years of life represents a
crucially important period for the development of early communication skills, in which
responsive joint attention skills tend to emerge before initiative joint attention.
The ages of emergence found in the current study were comparable to those of
Carpenter et al. (1998) for most joint attention skills, although the children in the current
study were slightly earlier in showing following attention and a few months later in
showing declarative gestures with gaze alternation, which resulted in a different OOE.
Following attention emerged before directing attention (with gaze alternation) in the
current study but after directing attention (with gaze alternation) in the study of Carpenter.
This could possibly be explained by differences in scoring criteria, especially for the
proximal declarative gestures. We used the strict criterion of looking from the object to
the adult and back to the object (three-way sequence), whereas Carpenter et al. allowed
the child to give object and only look at adults face (two-way sequence). The criterion by
Carpenter with respect to declarative proximal gestures seems to be more similar to our
construct of directing attention without gaze alternation, than our category of directing
attention with gaze alternation. The results also showed that the AOEs of declarative
gestures without gaze alternation (current study) were not significantly different from the
AOEs of declarative gestures in Carpenter’s study. Further, unlike the study of Carpenter et
al., in the current study imperative gestures were found to emerge before declarative
gestures. This had been reported earlier (Camaioni, Perucchini, Bellagamba, & Colonnesi,
2004), but the opposite order of emergence has also been reported (Bates et al., 1979;
Bates et al., 1975).
The second aim of this study was to investigate the developmental interrelations of
different joint attention skills with the size of receptive and expressive vocabulary. Results
indicated that early joint attention skills had a positive effect on later language skills.
This is in line with most earlier findings that following attention and nonverbal requesting
skills (directing attention) make a unique contribution to the prediction of language
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development among children with Down syndrome, ASD, and representative development
(Brooks & Meltzoff, 2005; Morales et al., 2000; Mundy, Kasari, Sigman, & Ruskin, 1995; Mundy,
Sigman, & Kasari, 1990; Mundy, Sigman, Kasari, & Yirmiya, 1988; Smith & Von Tetzchner,
1986). In the current study early language skills were not predicting later joint attention
development, which contrasts a previous study which documented expressive language
skills at 12 months was related to the number of joint attention episodes initiated by the
child at 18 months (Markus et al., 2000). Infants who are advanced in following attention
by recognizing the referential triangle, that is the connection between looker and object,
may have an advantage in word comprehension, perhaps because they use the adult’s
gaze to identify the object and connect this to the language used by the adult. (Baldwin,
1995; Bruner, 1983; Tomasello, 2003). Also, initiating and actively engaging in joint attention
(directing attention) before the first birthday seems to give the child the opportunity to
understand and use new words, probably because the pointing gestures of the child elicit
verbal responses from adults, which the child can hear and imitate, providing a learning
base for the child (Kishimoto, Shizawa, Yasuda, Hinobayashi, & Minami, 2007). Colonessi
et al. (2010) confirmed this theory based on a large meta-analysis that pointing gesture
(in following and directing attention) is also one of the first indicators of children’s
understanding of others as intentional (i.e. mental) agents and is therefore, a unique
milestone in children’s linguistic and social development. This fortifies the theory that there
is a continuity in the process by which children communicate with others prelinguistically
and linguistically and that processes of joint attention are at the root of this commonality
like Bruner (1974, 1975, 1977, 1983) suggested.
The third and last aim of this study was to test the hypothesis that infants who show
directing attention g.a. before following attention are more communicative because they
actively engage in social interaction instead of only passively following the attention of
others. This hypothesis was partly confirmed: Children who showed directing attention
before following attention had a different developmental trajectory of vocabulary
between 8 and 24 months of age than children who showed following attention before
directing attention. Children who showed directing attention g.a. before following
attention showed a spurt in receptive vocabulary growth between 10 and 15 months of
age that was larger than in children who showed following attention before directing
attention g.a.. Similar results were found for expressive vocabulary between 14 and 18
months of age.
In line with previous described theories, it makes sense that directing attention early
would relate to earlier language development, but it is more complicate to understand
why specifically doing so before the simpler attention-following would be beneficial. One
hypotheses is that children who are initiating joint attention early in the developmental
order, elicit more social interactions and thereof develop more or better social skills like
the interpretation of non-verbal signs. These social skills can help them benefit more from
prompts others are giving to follow attention. Based on the observational data, it is hard
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to prove a direct causal effect of the order of development of direction attention g.a. and
following attention on vocabulary growth. It could be that not (only) the order of
development but also the age of emergence plays a role. Although the AOE for directing
attention g.a. and following attention differed significantly between the two order groups,
the AOE of directing attention g.a. for both order groups was comparable to the AOE of
the sample. Only the group who showed directing attention g.a. before following
attention had an older AOE for following attention compared to the entire sample.
However, with the current data we can conclude that children that who show directing
attention g.a. early (in age or order), have a head start in vocabulary growth.
The current findings are important, because not only were joint attention skills
associated with vocabulary, but also the order of emergence of these skills was important
in relation to later language development. These findings have not been documented
before, but suggest that children who show initiating joint attention earlier (in age or
order of development), would appear to have a head start in vocabulary growth earlier in
life, which could also positively influence other domains of development, such as cognition
and social skills.

Limitations and Strengths
As stated earlier, more fine grained information about the development of early
communication skills and individual differences in typically developing children might
make it easier to detect an anomalous pattern of development in, for example, children
with ASD. However, it is necessary to investigate “typical” development in larger samples
that are representative of the whole population before we can make any strong claim
about normative patterns of development. Most longitudinal studies that have
investigated the development of early communication skills have been conducted on
small samples from middle/upper class families in so-called developed countries. While
these studies can tell us a lot about the possible mechanisms of development and provide
some suggestions regarding typical development, the study of individual differences will
necessitate larger and more representative samples. Indeed, this and other studies report
a great deal of variation in the development of these skills even in small samples like this
one, so one can imagine that there may be a large degree of variation when considering
infants from more deprived families, for example. Second, in this study we measured the
absence or presence of skills rather than the number or duration of joint attention
episodes. Changes in the number of times or the duration of joint attention a child shows
with age could show a greater degree of variability compared to age of onset and could
provide more specific information about the shifts in joint attention skills in relation to
language. However, with the standardized observation approach, registering the number
and duration of more responsive interactions, such as following attention, would be less
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informative because these skills depend more on the opportunities the child has to show
this behavior. Third, we assessed the children in their homes, which makes it harder to
control for external distractions. However, we felt that it was more important that the child
was at ease and behave he/she normally does, which was less likely established in a
laboratory setting. Fourth, the absence of a predictive link between early vocabulary size
and joint attention skills could be due to the limited variability of vocabulary at early ages.
Inversely, it could very well be due to decreased variability in joint attention skills at later
ages. Fifth, in a developmental period where many skills are emerging in a short-time
window, it may be necessary to have more frequent observations than the monthly regular
intervals with which the children were assessed in order to capture the developmental
sequence of these skills in finer details.
An important strength of this study was the large time span of 8 to 24 months of age
in a longitudinal setup. This setup enables enabling us to investigate the developmental
relationship between early joint attention skills and later language skills, and between
early language and later joint attention skills. As a result, we could detect important shifts
in the relation between joint attention skills and language after 15 months, the age at
which the study of Carpenter et al. ended. However, lowering the age to 8 months seemed
not sufficient as infants were basically at ceiling at some measure already then. Earlier
research by Striano and Bertin (2005) even suggested that joint attention skills do not
develop in an abrupt fashion and not at 9 months of age as Tomasello (1995) suggested
with the ‘9-month revolution’. Moreover, sound statistical modeling enabled us to
investigate the influence of the developmental order of responsive and initiative joint
attention skills on vocabulary growth.

Conclusion
The first two years of life represents a crucially important period for the development of
early communication skills, in which responsive joint attention skills tend to emerge before
initiative joint attention. All joint attention skills emerged between 8 and 15 months of
age. The most common order of emergence was checking behavior → sharing attention
→ directing attention → following attention → directing attention with gaze alternation →
following attention outside the visual field → referential language. Overall, joint attention
skills influenced later language development, but not the other way around. More
specifically, following attention positively influenced later receptive language, and
directing attention positively influenced receptive and expressive language. Children in
whom directing attention with gaze alternation emerged early (in age or order) showed a
relatively larger increase in vocabulary size between the ages of 10 and 18 months, and
appear to have a head start in vocabulary growth earlier in life, which could also positively
influence other domains of development, such as cognition and social skills. This study
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contributes to a fine grained mapping of the normal development of early communication
skills and can be helpful in the early detection of abnormalities in these skills. However,
the detection of a typical and consequently an atypical development remains difficult.
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Abstract
It is unclear whether symptoms of Autism Spectrum Disorder (ASD) in young children in
the population fit the three-factor structure of ASD as described in DSM-IV, and cluster
together in individual subjects. This study is based on The Norwegian Mother and Child
Cohort Study (MoBa) conducted by the Norwegian Institute of Public Health. Mothers of
11,332 18-month-old children completed a questionnaire with 44 items about their child’s
social and communicative as well restrictive and stereotyped behaviors. These data were
fitted to one-, two- and three-factor models of ASD symptoms (Social Interaction,
Communication, Stereotypies/Rigidity), which were compared using confirmatory factor
analyses (CFA). The three-factor model had a significantly better fit then the two- and
one-factor model. Latent class analysis (LCA) was performed on all ASD symptoms to
identify homogeneous groups of children. The LCA revealed four classes with different
scores for Social Interaction and Communication at one hand and Stereotypies/Rigidity at
the other hand. These classes could further be differentiated by referral status, health
problems and parental worries about the child at 18 months. Our results facilitate the early
identification of ASD and contribute to a more valid nosology of ASD at young age.
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Introduction
Autism Spectrum Disorders (ASD), which include Autistic Disorder, Asperger’s disorder,
and Pervasive Developmental Disorder Not Otherwise Specified (PDD-NOS) are characterized
by variations in three symptom domains, namely, deficits in social interaction, deficits in
verbal and non-verbal communication, and stereotypies and rigid patterns of behavior
(DSM-IV) (American Psychiatric Association, 1994). It was recently reported that 9.0 per
1,000 8-year old children (95% CI = 8.6–9.3) in the population fulfill DSM-IV criteria for ASD
with a wide range in traits and severity (Autism and Developmental Disabilities Monitoring
Network Surveillance Year 2006 Principal Investigators & Centers for Disease Control and
Prevention (CDC), 2009). Whereas a diagnosis of autistic disorder requires the presence of
symptoms in all three domains, a diagnosis of Asperger’s disorder requires deficits in social
interaction and stereotypies and rigid patterns of behavior, but no clinically significant
problems in early language and communication. The diagnosis of PDD-NOS, a subthreshold or atypical manifestation of autism, is typically made on the basis of deficits in
social interaction, verbal and nonverbal communication or rigid and stereotyped behaviors
that do not satisfy the full set of diagnostic criteria for autism (American Psychiatric
Association, 1994; Buitelaar & Van Der Gaag, 1998; Buitelaar, Van der Gaag, Klin, & Volkmar,
1999). Since, there are also individuals without any ASD diagnosis, who may have specific
language disorders without clinically relevant social interaction problems, and other
individuals who may show obsessive-compulsive problem behavior without clinically
relevant deficits in social interaction and communication, it can be questioned to what
extent the three symptom domains of ASD are phenomenologically independent at
different levels of symptom severity.
In a classic paper, Wing and Gould (1979) took a first step to answering this question
and investigated the presence of autistic symptoms in children younger than 15 years
who were included in case registers in the Camberwell area of London because of mental
retardation or significant developmental problems. They found that the severity of social
impairment was closely associated with abnormalities affecting comprehension and use
of all forms of communication, as well as with repetitive patterns of interest (Wing & Gould,
1979). Later studies using factor analysis and latent class analysis of scores for the Social
Responsiveness Scale (SRS), a quantitative measure of autistic traits, showed in general
population samples of children aged 7-15 years that the variation in autistic traits could be
explained best by a single continuously distributed underlying factor (Constantino et al.,
2003; Constantino et al., 2000), and that distinct categories of subjects could be identified
only on the basis of symptom severity (Constantino et al., 2000). This was confirmed in a
clinical sample of patients with ASD and other psychiatric conditions (Constantino et al.,
2004) and in siblings of children with ASD (Constantino et al., 2006). Similarly, other studies
of multiplex ASD families identified subgroups on the basis of the degree of impairment
(mild, moderate, or severe) across all three symptom domains of ASD rather than on the

45

3

Chapter 3 | ASD symptom structure in the general population

basis of distinct item endorsement profiles (Spiker, Lotspeich, Dimiceli, Myers, & Risch, 2002)
or significant correlations between the three symptom domains of ASD (Sung et al., 2005).
However, other multiplex ASD family and clinical sample studies reported the three
symptom domains to be relatively separate from each other and in particular found
deficits in social interaction to be independent of repetitive and stereotyped behaviors
(Kolevzon, Smith, Schmeidler, Buxbaum, & Silverman, 2004; Silverman et al., 2002). Several
other clinical sample studies also proposed a two factor structure of social-communicative behavior on one hand and stereotyped rigid behaviors on the other hand (Frazier et
al., 2008; Gotham et al., 2008; Gotham et al., 2007; Snow et al., 2009). The finding that joint
attention in young children with ASD was associated with later social and language
symptoms, but not with repetitive and stereotyped symptoms, also suggested that
stereotyped and repetitive behavior may be an independent domain of ASD and have a
separate developmental trajectory (Charman, 2003). Further, rigid repetitive behaviors as
part of the revised ADOS algorithm, make an independent contribution to diagnostic
stability (Lord et al., 2006). As with the ASD multiplex studies and in clinical samples, a
population-based study of 7-year-old twins found weak correlations (r = .15-.29) between
social and communicative symptoms on the one hand and non-social obsessive repetitive
behaviors on the other (Ronald, Happe, & Plomin, 2005).
Studies in clinical ASD populations also suggested differences in developmental
trajectory for rigid and repetitive behavior compared to other ASD symptoms. The
development of social-communicative behaviors in children with ASD deviates from the
typical chain of smiles and warm, joyful expressions already by six months, obvious
interest in other people by 12 months, use of single words at 16 months, and two-word
meaningful phrases by 24 months (Dietz, 2007; Filipek et al., 1999). Symptoms of repetitive
behaviors might be less likely to develop until the second or third year of life in children
with ASD (Charman & Swettenham, 2001), These symptoms are also observed with less
consistency and showed more variability in young toddlers with ASD than items related to
social or communication symptoms (Stone et al., 1999), and are poorly predicted from
early measures of imitation or language (Charman et al., 2003; Lord & Pickles, 1996). On the
other hand, recent studies found signs of repetitive behaviors, as early as 12 months of age
both in children with ASD and in children with typical development (Ozonoff et al., 2008;
Richler, Bishop, Kleinke, & Lord, 2007; Thelen, 1979; Watt, Wetherby, Barber, & Morgan,
2008), but in children with typical development these behaviors showed a general
decrease after 12 months of age (Thelen, 1979). A recent study by Richler et al. (2010) also
showed that low-order behaviors (repetitive sensorimotor: RSM) and high-order
stereotypies (insistence on sameness: IS) have different developmental trajectories in
children with ASD; RSM scores remained relatively high over time, indicating consistent
severity, whereas IS scores started low and increased over time, indicating worsening
(Richler et al., 2010). In sum, several studies in total populations as well as in clinical samples
indicate a two factor structure of social-communicative behavior on one hand and
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stereotyped rigid behaviors on the other hand, and report a different developmental
trajectory of these two domains.
Other studies provide support for a three factor structure. A later study in the same
twins as above, conducted one year later, and using different measures of autistic traits
showed modest phenotypic relationships between the three domains and in particular
low correlations between social deficits and repetitive behaviors (Ronald, Happe, Bolton,
et al., 2006; Ronald, Happe, Price, et al., 2006). The fractionation of the three DSM-IV ASD
domains is also found in studies with clinical samples (Georgiades et al., 2007; Lecavalier et
al., 2006; Lecavalier et al., 2009). The discrepant findings between the above-cited studies
might be due to differences in the samples (clinical versus normal population), type of
instruments used to measure the ASD phenotype and procedural variations in statistical
analyses (Lecavalier et al., 2009).
To date, most studies of the structure of ASD symptoms have involved older children
and adults, primarily from clinical samples or high-risk populations. It is important to
examine the potential fractionation of ASD domains in the general population, in addition
to diagnosed populations, for two reasons. First because the clinical diagnosis of autism
itself requires impairments in each of the three key areas, and this would beg the question.
Second because clinical samples particularly at young age may be biased by missing
cases that have not been identified due to lack of clinical concerns. Studying the
distribution of ASD symptoms in the general population is justified further because ASD
symptoms have been shown being on a continuum from the normal population out to
individuals on the autistic spectrum (Constantino et al., 2003; Constantino et al., 2000).
Furthermore, it is not known how the three symptom domains of ASD are interrelated and
cluster together in very young children in the general population.
The present study was undertaken to examine 1) whether symptoms of Autism
Spectrum Disorder (ASD) in young children in the population fit the three-factor structure
of ASD as described in DSM-IV, and 2) cluster together in individual subjects.

Method
Design
This study is based on the Norwegian Mother and Child Cohort Study (MoBa) conducted
by the Norwegian Institute of Public Health (Magnus et al., 2006). In brief, MoBa is a
prospective population-based pregnancy cohort study. Participants were recruited from
all over Norway from 1999-2008, and 38.5% of invited women consented to participate.
The cohort now includes 108,000 children, 90,700 mothers and 71,500 fathers. Blood
samples were obtained from both parents during pregnancy and from mothers and
children (umbilical cord) at birth. Follow-up is conducted by questionnaires at regular
intervals and by linkage to national health registries. Several sub-studies are conducting
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additional collections of data and biological materials. The current study is based on
version II of the quality-assured data files released for research related to autism. Informed
consent was obtained from each MoBa participant upon recruitment. The study was
approved by The Regional Committee for Medical Research Ethics in the South-Eastern
Netherlands.

Participants
The study population was a subsample of the children from the MoBa study. The two
inclusion criteria were: (a) the child was 18 months old during the interval 25 July 2003 to
29 March 2005 and (b) the mother had completed a questionnaire when the child was 18
months old. A total of 16,919 children met the first criterion and 13,015 children met both
criteria (response rate for completion of the 18-month questionnaire was 76.6%). Of these,
individual questionnaire item data were missing for 1683 cases, leaving 11,332 cases for
analysis (mean age 18.55±0.55 months; 5776 boys and 5522 girls, sex not reported 34
children). A full data set is required for the chosen analysis technique. Because a missing
item could be due to multiple causes these 1638 subjects did not differ from the subjects
included in the analyses. In the total sample, 91.8 % of the children had parents who were
both native Norwegian speakers and 87.7% had grandparents who had Norwegian as
mother tongue. The median gross income of the sample (including child support,
unemployment benefits and other allowances) was NOK 200,000-299,000 ($29,00043,000) for mothers and NOK 300,00-399,00 ($43,000-57,000) for fathers, which was higher
than that of the Norwegian population overall (Median income in Norway 2003 was NOK
186,500 ($27,000) for women and NOK 285,600 ($41,000) for men (Kristiansen & Sandnes,
2006a).

Procedure
This study is based on information from the questionnaire on maternal and child health,
completed by the mother when the child was 18 months. A reminder was sent to
non-responders after 3 weeks. All forms were scanned and the data was quality controlled
and de-identified before entered in the research database (Magnus et al., 2006).

Variables
Forty-four items that reflected ASD symptoms were selected ad hoc from the complete
18-months questionnaire used in the MoBa study. These items were originally derived
from the Communicative and Social developmental Signs (CoSoS) (Swinkels et al., 2006),
the Modified Checklist for Autism in Toddlers (M-CHAT) (Robins et al., 2001), Ages and
Stages Questionnaires (ASQ) (Squires et al., 1997), the Emotionality, Activity, Shyness,
Sociability Scale (EAS scale) (Buss & Plomin, 1984; Mathiesen & Tambs, 1999), the Social
Communication Questionnaire (SCQ; Previously called ASQ: Autism Screening questionnaire)
(Berument et al., 1999), and the NonVerbal Communication Checklist (NVCC) (Schjolberg,
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submitted). The questions were grouped according to the three symptom domains of
ASD, based on the DSM-IV and descriptions in publications of the instruments. Information
about child referral to educational services, child habilitation units, and child psychiatry
services until age 18 months was also obtained from the questionnaire, as was information
about current and past parental worries and health problems of the child.

Statistical approach
For analyses, all items were scored binomial. This means that answers categories were
merged and recoded. The original answers were divided across two, three or five answer
categories. The items with three answer categories (Yes - Sometimes - Not Yet), were
recoded so that ‘Sometimes’ and ‘Not yet’ were merged. In case of five answer categories
(Very typical - Quite typical –Both - Not very typical - Not typical) the two most abnormal
answer categories were merged (depending on the direction of the question).
Normality of the distribution was calculated for the three ASD domains. The factor
structure of ASD symptoms was examined by confirmatory factor analyses (CFA) using the
computer program Mplus version 4.1 (Muthén & Muthén, 2006). Three competing models
were evaluated. The first model assumed that all items loaded on a single common factor.
The second model made a distinction between a factor of Social Interaction/
Communication symptoms and a factor of Stereotypies and Rigidity. The third model
included three separate factors of Social Interaction, Communication, and Stereotypies
and Rigidity. To evaluate the factor models, multiple-fit criteria were used. The Tucker–
Lewis Index (TLI) and the Comparative Fit Index (CFI) reflected the improvement in fit
compared to a baseline model (Bentler, 1990; Marsh, Balla, & Mcdonald, 1988; Muthén &
Muthén, 2006). The TLI and CFI usually range from 0 to 1 and apply a penalty function for
estimating more parameters. Larger values imply a better fit, so the model with the TLI
and CFI closest to 1 was selected. For models with an acceptable fit, both the CFI and the
TLI are supposed to be higher than .90, with the TLI value being preferably higher than .95.
The Root Mean Square Error of Approximation (RMSEA), also an index of fit, should be less
than .025 to indicate an excellent model fit. We interpreted the item scores as ordinal data
and follow the approach which assumes that the observed ordinal variables stem from a
set of underlying latent continuous variables. We used WLSMV (means and variance
adjusted weighted least square) as estimator, because it compensates more effectively for
the estimation bias that is due to the categorical aspects of the variables. The weighted
least square parameter estimator uses a diagonal weight matrix with robust standard
errors and mean- and variance-adjusted χ2 test statistic. (Wirth & Edwards, 2007). Factor
loadings should be interpreted as regression coefficients between the specific symptom
and the latent construct.
In contrast to CFA, which groups items, latent class analysis (LCA) groups subjects into
classes based on their item scores (Hagenaars & McCutcheon, 2002). Subjects with
comparable patterns of item scores, called a profile, form one class. The primary objective
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of LCA is to find the smallest number of classes of subjects with similar patterns of ASD
symptoms that can explain the relationships among a set of observed variables. In the
analysis, classes were added stepwise until the model fits the data well. Given a fixed
number of classes, the deviation of each individual from the average profile of its most
likely class is a measure of how well the model fits. The likelihood function of LCA is
composed of two types of parameters: the marginal proportions, which are the
percentages of subjects falling in each class (γ parameters), and the item response
probabilities (ρ parameters). In this study, all items were binomial and scored in the same
direction with a score 0 for a normal answer and score 1 for an abnormal answer. In this
way, the estimated item response probabilities represent the percentage of subjects in
each class reporting a particular symptom. The Bayesian Information Criterion (BIC) and
the Lo–Mendell–Rubin (LMR) indexes were used to decide on the number of LCA classes,
as proposed by Nyland, Asparouhov, and Muthén (2007). Given any two estimated models
with a different number of classes, the model with the lower BIC value is the one to be
preferred. The LMR compares the likelihood value of a solution with k classes to a solution
with k-1 classes, providing us a p-value to decide on significant improvement when
adding an extra class to the model. At last, the interpretation of the different classes adds
to the decision on how many classes in the LCA are to be preferred. LCA is always
performed on a group of discrete variables, with no assumption of normality.
To examine the clinical relevance of the classes identified, the proportion of children
in each class referred to developmental services, having health problems and having
parents with worries about their child at 18 months was compared.

Results
Table 3.1 shows the descriptive statistics (range, mean, SD) for the three domains of ASD
symptoms (Social Interaction, Communication, and Stereotyped and Rigid Patterns of
Behavior) by sex. Mean ±SD scores were higher for boys than for girls in all three domains
(Boys: 0.98 ±1.39; 0.64 ±.0.93; 0.93 ±1.04; Girls: 0.85 ± 1.32; 0.37 ± 0.75; 0.88 ± 1.02; p values ≤
.01). The three ASD domains were non-normally distributed due to low frequencies across
the answer categories.

Confirmatory Factor Analysis
To test the three competing models, first the model with three factors was analyzed.
The three-factor model of ASD symptom scores at age 18 months had a relatively good fit
with (CFI= .889, TLI= .947, RMSEA= .018). There was a significant correlation between Social
Interaction (factor 1) and Communication (factor 2) (r =.46), and weak but still significant
correlations between Stereotyped and Rigid Patterns of Behavior (factor 3) and both
Social Interaction (r =.17) and Communication (r = 0.14) (see Figure 3.1).

50

Table 3.1 Descriptive statistics for the three domains of ASD symptoms:
Social Interaction, Communication, and Stereotyped and Rigid Patterns of Behavior
by total and sex (N=11,332).
N

Minimum

Mean

SD

Total

11,332

0

19

1

0.92

1.35

Boys

5,776

0

17

1

0.98

1.38

Girls

5,522

0

19

0

0.85

1.32

Total

11,332

0

8

0

0.51

0.86

Boys

5,776

0

8

0

0.64

0.93

Girls

5,522

0

8

0

0.37

0.75

Stereotyped and Rigid Total
Patterns of Behavior
Boys
(8 items)
Girls

11,332

0

6

1

0.91

1.03

5,776

0

6

1

0.93

1.04

5,522

0

6

1

0.88

1.02

Social Interaction
(29 items)

Communication
(7 items)

Maximum Median

3

Note: Total N includes 5,776 boys, 5,522 girls and 34 children with sex not reported

The three-factor model had a slightly, but still significantly better fit than the
two-factor model (CFI= .885, TLI= .946, RMSEA= .019) with Social Interaction and
Communication combined as one factor and Stereotyped and Rigid Patterns of Behavior
as the other factor (χ² = 67.73, df = 2 p < .0001). The correlation between the factors in the
two-factor model was very low but significant (r = .15). The one-factor model had a
significantly poorer fit (CFI= .830, TLI = .926, RMSEA= .022) than the two- (χ² = 271.91, df =
1 p <.0001) and three-factor (χ² =349.03, df = 1 p <.0001) models and was therefore not
preferred.

Latent Class Analysis
The LCA analyses used the 44 ASD items as independent variables and identified four
classes based on the BIC and LMR indexes and the interpretation of the classes. BIC values
showed minor differences between the several LCA using different number of classes
(Table 3.2). The LMR with four compared to five was significant (p < .01), but the interpretation of the additional class did not add much to the interpretation of the pattern of
classes. The LMR with five compared to six classes was not significant (p > .01).
Estimated item response probabilities for abnormal answers were calculated as
the percentage of subjects in each class reporting a particular symptom (Figure 3.2).
High scores indicate more symptoms of difficulty in that domain, in other words high
scores mean less social interaction and communication skills and more stereotyped and
rigid patterns of behavior. Class 1 (0.6% of sample) had the highest scores for both Social
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r

Item

Factor

0,66
0,24
0,43
0,52
0,62
0,46
0,31
0,48
0,87
0,50
0,45
0,41
0,54
0,37
0,39
0,84
0,98
0,68
0,96
0,60
0,66
0,95
0,70
0,65
0,73
0,83
0,16

Smiles directly
Likes cuddling
Reacts when spoken to
Enjoys social play
Interest in people
Interest in children
Prefers play with others
Sociable
Copies activities
Comforts
Makes other laugh
Facial expression
Eye contact
Checks at unfamiliar events
Expression of feelings
Comes for help
Shows objects
Follows pointing
Brings/shows objects
Attracts attention to activity
Responds to name
Imperative pointing
Declarative pointing
Attracts attention by pulling hand
Follows gaze
Points to distal objects
Attracts attention

Social Interaction

0,74
0,87
0,54
0,96
0,76
0,54
0,73
0,61

Points when asked
Finds object when asked
Imitates you
Vocalisations with gestures
Understands language
Says 8 or more words
Varied play
Pretend play with doll

Communication

1,00
0,57
0,34
0,15
0,57
0,34
0,59
0,57

Reaction sensory stimuli
Interest different toys
Rituals
Distress
Stereotyped repetitive movements
Oversensitivity noise
Unusual finger movements
Stares/ wanders

r

.46

.17

.14

Stereotyped
and Rigid Patterns
of Behavior

Figure 3.1 Correlations of items on the corresponding factor and correlations
between factors.
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Table 3.2 Bayesian Information Criterion (BIC) and the Lo–Mendell–Rubin (LMR)
indexes by number of classes used in the LCA.
k classes

BIC

LMR

3

153,933.33

1,739.88

p (k-1,k)
<.001

4

153,028.81

1,188.02

<.001

5

152,637.11

795.89

.005

6

152,659.94

386.20

.014

Interaction and Communication, but moderately high scores for Stereotyped and Rigid
Patterns of Behavior. The second class (15.8% of sample) had scores for both Social
Interaction and Communication that were in-between those of class 1 and class 4, but had
very low scores for Stereotyped and Rigid Patterns of Behavior. Class 3 (10.7% of sample)
had normal, i.e. baseline level, scores for Social Interaction as well as Communication,
but very high scores for Stereotyped and Rigid Patterns of Behavior. The fourth and last
class (72.9% of sample) had low scores for all three symptom domains and was considered
the reference group.
Some items were better than others in discriminating between classes. The estimated
item response probabilities (%) by class are shown in Figure 3.2 and listed in Table 3.3.
Within the domain of social interaction, the joint attention items, and the items on copying
activities and comforting the parent discriminated the best between class 1 and the other
classes. All items within the domain of Communication showed a very large difference
between the probability of having an abnormal answer in class 1 compared to the other
classes. Within the domain of Stereotyped and Rigid Patterns of Behavior, a high proportion
of children in class 3 showed an abnormal answer on the item “rituals”, compared to
children in the other classes. The items “stereotyped repetitive movements”, “oversensitivity
for noise”, “unusual finger movements”, and “stares/wanders” showed relatively high scores
for class 3 and moderate probability scores for class 1.
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Figure 3.2 Estimated item response probabilities (%) for four-class latent class analysis model.
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Table 3.3 Estimated Item Response Probabilities (% ) for each item by Class (N=11,332).

Communication

Social Interaction

Item*

Class 1: Class 2: Class 3: Class 4:
0.6%
15.8% 10.7% 72.9%

Sign χ²

Smiles directly1

0.0

0.0

0.0

0.0

Likes cuddling1

2.7

3.9

2.3

0.7

d,e,f

Reacts spoken to1

2.8

10.0

0.0

0.2

b,c,d,e

Enjoys social play1

1.7

0.7

0.4

0.0

e,f

Interest in people1

3.9

0.3

0.2

0.0

a,b,c,e

Interest in children2

3.9

1.6

0.3

0.1

b,c,d,e

Prefers play with others5

37.9

16.6

8.3

7.3

a,b,c,d,e

Sociable5

11.8

1.6

0.7

0.2

a,b,c,e

Copies activities3

63.3

2.6

0.3

0.1

a,b,c,d,e

Comforts6

92.7

56.5

18.9

19.0

a,b,c,d,e

Makes other laugh7

49.1

31.9

5.0

7.5

a,b,c,d,e,f

Facial expression1

4.3

1.2

0.1

0.1

b,c,d,e

Eye contact1

9.9

1.5

0.8

0.1

a,b,c,e,f

Checks by unfamiliar events2

38.9

21.6

4.1

6.8

a,b,c,d,e,f

Expression feelings1

1.4

0.4

0.9

0.0

e,f

Comes for help3

89.4

5.7

0.3

0.3

a,b,c,d,e

Shows objects1

67.4

1.6

0.0

0.0

a,b,c,d,e

Follows pointing2

63.8

14.8

2.0

0.7

a,b,c,d,e,f

Brings/shows objects2

58.3

1.6

0.0

0.0

a,b,c,d,e

Attracts attention to activity2

48.0

10.1

0.3

1.1

a,b,c,d,e,f

Responds to name2

11.4

1.1

0.1

0.0

a,b,c,d,e

Imperative pointing3

63.3

1.1

0.2

0.0

a,b,c,d,e,f

Declarative pointing2

66.3

8.3

1.1

0.7

a,b,c,d,e

Attracts attention by pulling hand3

89.3

35.5

6.1

2.6

a,b,c,d,e

Follows gaze4

53.8

8.0

0.6

0.9

a,b,c,d,e

Points to distal objects4

31.2

3.3

0.0

0.0

a,b,c,d,e

Attracts attention1

82.4

12.0

0.4

0.2

b,d,e

Points when asked3

18

18.7

7.5

9.7

a,b,c,d,e,f

Finds object when asked3

89.6

11.0

0.4

0.2

a,b,c,d,e

Imitates you2

58.0

22.6

3.6

3.1

a,b,c,d,e

Vocalizations with gestures4

41.1

0.7

0.1

0.0

a,b,c,d,e

Understands language2

48.7

4.4

0.3

0.1

a,b,c,d,e

Says 8 or more words3

92.9

60.0

23.9

18

a,b,c,d,e,f

Varied play1

42.4

4.0

0.6

0.1

a,b,c,d,e

Pretend play with doll3

39.2

7.0

1.0

0.7

a,b,c,d,e

3
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Table 3.3 Continued.

Stereotyped and
Rigid Patterns of Behavior

Item*

Class 1: Class 2: Class 3: Class 4:
0.6%
15.8% 10.7% 72.9%

Sign χ²

Reaction sensory stimuli1

2.8

0.6

0.2

0.0

c,e

Interest different toys1

5.9

1.5

0.7

0.3

b,c,e

Rituals6

2.9

8.7

44.2

9.7

b,d,f

Distress3

27.4

33.1

36.3

24.1

d,e,f

Stereotyped repetitive
movements1

24.7

13.2

31.7

5.2

b,c,d,e,f

Oversensitivity noise2

18.4

9.3

30.5

7.9

b,c,d,f

Unusual finger movements2

19.7

6.3

35.8

2.9

a,b,c,d,e,f

Stares/ wanders2

34.2

20.9

58.2

10.3

b,c,d,e,f

a= significant difference between class 1 and 2 (p<.01); b= significant difference between class 1 and 3 (p<.01);
c= significant difference between class 1 and 4 (p<.01); d= significant difference between class 2 and 3 (p<.01);
e= significant difference between class 2 and 4 (p<.01); f= significant difference between class 3 and 4 (p<.01)
* Items were derived from : 1Communicative and Social developmental Signs (CoSoS: Swinkels et al., 2006);
2Modified Checklist for Autism in Toddlers (M-CHAT: Robins et al., 2001); 3Ages and Stages Questionnaires
(ASQ: Squires et al., 1997); 4NonVerbal Communication Checklist (NVCC ; Schjolberg, submitted); 5Emotionality,
Activity, Shyness, Sociability Scale (EAS Scale: Buss & Plomin, 1984; Mathiesen & Tambs, 1999); 6Social Communication
Questionnaire (SCQ; Previously called Autism Screening Questionnaire (ASQ): Berument et al., 1999).

Class 1 consisted of 55.9% boys and 44.1% girls; class 2 of 62.7% boys and 37.3% girls;
class 3 of 52.4% boys and 47.6% girls; and class 4 of 48.4% boys and 51.6% girls. The clinical
relevance of the classes was further explored by looking at referral status at 18 months,
health problems and parental worries (Table 3.4). Children in class 1 were by far most often
referred to all three clinical developmental services, but in particular to Educational
Services and Child Habilitation Units. More children in class 2 than in class 4 were referred
to Educational Services and Child Habilitation Units. The proportion of health problems,
such as delayed motor development (71.4%) and delayed or aberrant language (60.9%)
and parental worries about the child’s physical development (45.1%), behavior (22.5), and
hearing (22.5%) also was by far the highest in class 1.
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Table 3.4 Proportion of children referred to developmental services, having health
problems, and parental worries within each Class (N=11,332).
Item
Any developmental services

Class 1:
0.6%

Class 2:
15.8%

Class 3:
10.7%

Class 4:
72.9%

Sign χ²

62.0

2.0

1.1

0.8

a,b,c,d,e

Educational services

54.3

0.8

0.6

0.1

a,b,c,e,f

Child habilitation unit

48.5

1.1

0.2

0.4

a,b,c,d,e

Child psychiatry services

3.0

0.5

0.3

0.3

a,b,c

72.9

10.7

5.6

4.1

a,b,c,d,e,f

Hearing

11.6

3.0

1.9

1.5

a,b,c,e

Delayed motor development

71.4

6.7

2.8

2.4

a,b,c,d,e

Diverging head circumference

26.9

3.7

2.7

2.7

a,b,c,e

Delayed or aberrant language

60.9

3.2

1.3

0.4

a,b,c,d,e,f

Seizures 6-18 months

2.9

0.3

0.3

0.3

a,b,c,

Worries

60.6

15.3

14.7

10.4

a,b,c,e,f

Physical development

45.1

2.8

1.7

0.7

a,b,c,e,f

Behavior

22.5

2.1

2.2

0.6

a,b,c,e,f

Difficult to handle

7.0

2.9

3.2

1.0

c,e,f

Hearing

22.5

2.1

1.2

1.1

a,b,c,e

Other

47.1

10.7

10.3

9.1

a,b,c,e

Health problems

3

a= significant difference between class 1 and 2 (p<.05); b= significant difference between class 1 and 3
(p<.05); c= significant difference between class 1 and 4 (p<.05); d= significant difference between class 2 and
3 (p<.05); e= significant difference between class 2 and 4 (p<.05); f= significant difference between class 3
and 4 (p<.05)

Discussion
In this large population based study (N=11,332) among 18-month-old children the
underlying structure of ASD symptoms was found generalizable to the general population
at very young age. In the confirmatory factor analysis the three-factor model had a
significantly better fit than the two- and one-factor model. Latent class analyses identified
four classes based on the presence of different autistic symptoms, and with a distinction
between the presence of social interaction and communication symptoms versus
stereotypies and rigidity symptoms. These classes could further be differentiated by
referral status, health problems and parental worries about the child at 18 months.
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The continuous singular factor for ASD symptoms suggested by Constantino (2004;
2003; 2000) was not confirmed in the CFA by the current study. The one-factor model had
a significantly poorer fit to the data than the two- and three-factor models, in which Social
Interaction and Communication seemed to be closely associated, and in turn were only
weekly associated with Stereotyped and Rigid Patterns of Behavior. Indeed, the analyses
suggested that Stereotyped and Rigid Patterns of Behavior is a distinct domain. However,
methodological differences may underlie the discrepancy between our findings and those
of Constantino et al. For example, Constantino et al. looked at older children, used different
items and performed bottom-up based exploratory factor analysis (EFA), whereas we used
a top-down CFA. EFA of the current data or CFA of the SRS data of Constantino (2004; 2003;
2000) is needed to enable appropriate comparison of the findings of the two studies.
Based on fit indices, the two factor model of social/communication items and rigid
repetitive behaviors was quite similar to the three-factor solution and better than the
one-factor solution. The significant difference between the CFA fit indexes of the two and
three factor model should be interpreted with some prudence due to the large sample
size by which the significance levels were easily reached. Because the current data does
not provide an unequivocal case for the two or three factor model of ASD symptoms and
a two factor solution (with overlap between social and communication items) also has
been reported in previous research, the similarity between the two factor model and the
widely accepted three-factor DSM-IV model at least warrants discussion. The weak
correlation between social (social interaction and communicative impairment) and
non-social (rigid repetitive) behaviors in this study is consistent with the results of earlier
population-based studies of twins at age 7 (Ronald et al., 2005) and age 8 (Ronald, Happe,
Bolton, et al., 2006; Ronald, Happe, Price, et al., 2006). However, our finding of a relatively
strong association between Social Interaction and Communication symptoms was not
reported in the twin study (Ronald, Happe, Bolton, et al., 2006; Ronald, Happe, Price, et al.,
2006), which showed modest phenotypic correlations between all three ASD symptom
domains. This difference might be due to the relevance of the DSM-IV criteria to children
of different ages (18 months in the present study versus 8 years in the twin study).
According to the DSM-IV, gestures, non-verbal behavior and joint attention skills are part
of the domain of Social Interaction; however, 18-month-old children have a very limited
use of expressive language and non-verbal communication plays a greater role than it
does in older children, where the distinction between Social Interaction and Communication
may be more clear-cut.
Of the four classes identified by LCA on the basis of the autistic symptom profile,
children classified in class 1 had high scores for all symptom domains, in particular on
Social Interaction and Communication. Joint attention and language/communication
items distinguished this class from the other classes. The high scores of the subjects of
this class on social interaction and communication problems along with increased scores
for repetitive behaviors suggest a similarity with high-risk or even clinical ASD children.
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This idea is supported by the finding that a high proportion of the children in this class
were referred to educational services and child habilitation units. However, for now in the
absence of final diagnoses, we only could confirm the high referral rate in this class, with
children scoring high on autistic traits.
Class 2 (15.8% of the sample) could represent a sub-clinical class with somewhat
elevated scores on symptoms of Social Interaction and Communication and low scores on
symptoms of Stereotyped and Rigid Patterns of Behavior. The proportion of children from
class 2 who were referred to specialized services was only slightly higher than that of class
4, the reference group. One may hypothesize that some of these children from class 2
might later present with the broad ASD phenotype, or be diagnosed with milder forms of
ASD, language disorders, or mental retardation.
Class 3 (10.7% of the population) had a different profile of ASD symptoms by having
high scores for symptoms of Stereotyped and Rigid Patterns of Behavior, but baseline
scores for Social Interaction and Communication. The way Stereotyped and Rigid Patterns
of Behavior seemed to be separated from the other two ASD domains was demonstrated
by both the CFA on the level of items (factors) and the LCA in the clustering of individuals,
and might be consistent with a study by Charman (2003), who reported that the
developmental trajectory for stereotypic behavior might be different from that for social
and language deficits in ASD. However, although well-described in ASD (American Psychiatric
Association, 1994; Lewis & Bodfish, 1998; Watt et al., 2008), repetitive and stereotypic
behavior is also seen among individuals with mental retardation and other disorders
(Bodfish et al., 1995; Bodfish, Symons, Parker, & Lewis, 2000; Lender, Goodman, & Linn,
1998) as well as in typically developing infants and children (Foster, 1998; Leekam et al.,
2007; MacDonald et al., 2007; Thelen, 1979; Troster, 1994). While stereotyped behavior in
typically developing children becomes less varied and less frequent or remains stable
with increasing age (Thelen, 1979), it increases with age in children with ASD (MacDonald
et al., 2007), particularly high-order stereotypies like rituals and insistence on sameness
(Richler et al., 2010). The overall development and stability (increase, decrease, or remain
the same) of these stereotypies will show whether the children of class 3 have a typical or
aberrant development. For example, the hypothesis should be tested that these children
might have an increased risk of developing an obsessive and rigid temperament,
as described by Garland & Weiss (1996). Separating low order behaviors from high order
stereotypies could also add to the knowledge about developmental trajectories of
stereotyped and rigid patterns of behavior and thereof of identifying an aberrant
development. For the moment, the behavior of these children was apparently not
perceived by the parents or kindergarten as warranting referral to specialized services.
There were more boys than girls in the two supposedly clinical classes (classes 1 and 2),
but the male predominance was not as great as that found among ASD cases at a later
age. For example, Baird et al. (2006) found a male: female ratio of 3.3:1 at 9 and 10 years for
all ASD with an overall prevalence of 1.2%.
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The results of this study should be interpreted in the context of its strengths and limitations.
A strength of this study is the large and homogeneous sample of very young subjects.
A possible limitation may be that the results of our multivariate analyses are dependent on
and limited by the various items chosen to represent the three domains. The majority of
the relevant ASD items were from the Social Interaction domain. Fewer items of the
Communication and Stereotyped and Rigid Patterns of Behavior domains were included,
which means that some ASD symptoms in these domains might not have been fully
covered, which could have biased the outcome of the CFA. However, the accuracy of the
factor analysis does not only depend on the number of items in a factor, but also for
example on the relation between the items and on the extent the items reflect behaviors
that are easily assessed by parents. Another possible limitation is that information about
symptoms were based on parent reports only. The use of more objective measures, such
as test results or more formal diagnostic observations and procedures, might have led to
other results. However, parents are the main and in almost all cases sole informant about
very young children’s behavior problems, and there is a body of evidence indicating the
merit and validity of parent information. Previous studies by Glascoe (1999, 2003) and
Tervo (2005) for example, found that parental concerns relate directly to their child’s
wellbeing and development. Our prior work on population screening on autism spectrum
disorders found that parental judgment about whether or not to comply with professional
recommendations did reflect a rather accurate estimate of the severity of autistic
symptoms of their child (Dietz, Swinkels, Van Daalen, Van Engeland, & Buitelaar, 2007).
This population-based study showed that ASD symptoms cluster together in the
three domains as defined by the current classification system DSM-IV, and can be retrieved
in our latent classes with subjects with a similar profile of ASD symptoms. At least one of
these classes includes subjects with high scores on social interaction and communication
problems and increased score of repetitive and stereotyped behaviors rather similar to
high-risk or even clinical ASD cases. This information is relevant to improve current
screening instruments and screening methods. It is for example of interest to know how
many children show certain behavior in the general population to establish the point at
which this behavior is considered abnormal. Further, since the validity of the distinction
between ASD subtypes is unclear and the current diagnostic criteria in the DSM-IV are
under discussion, these results can add to more knowledge on the development of the
new DSM-V. Further follow-up of this cohort is required to examine how the classes
develop with age and to characterize the children included in each class in terms of
measures of external validity, such as cognitive and language skills, temperament, measure
of neural structure and function, impairment of psychosocial functioning, and family
loading for psychiatric disorders.
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Chapter 4
CoSoS and M-CHAT as screening
instruments for autism spectrum disorders
at 18 months in the general population:
issues of overlap and association with
clinical referrals
Published as*:
Beuker, K. T., Schjølberg, S., Lie, K. K., Swinkels, S., Rommelse, N. N., & Buitelaar, J. K. (2014).
ESAT and M-CHAT as screening instruments for autism spectrum disorders at 18 months
in the general population: issues of overlap and association with clinical referrals. European
Child and Adolescent Psychiatry, 23(11), 1081-1091, doi:10.1007/s00787-014-0561-8.
*Adapted from the original form for this thesis. ESAT is renamed as CoSoS.
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Abstract
The Modified Checklist for Autism in Toddlers (M-CHAT) and the Communicative and
Social developmental Signs (CoSoS) were designed to screen for autism spectrum
disorders in very young children. The aim of this study was to explore proportions of
children that screened positive on the CoSoS or the M-CHAT and to investigate if screening
positive on the CoSoS and M-CHAT is associated with clinical referral by 18 months and
other aspects of children’s development, health, and behaviour. In this study, the mothers
of 12,948 18-month-old children returned a questionnaire consisting of items from the
CoSoS and M-CHAT, plus questions about clinical and developmental characteristics. The
M-CHAT identified more screen-positive children than the CoSoS, but the CoSoS was
associated with more clinical referrals and tended to identify more children with medical,
language, and behavioural problems. A post-hoc analysis of combining the two
instruments found this to be more effective than the individual instruments alone in
identifying children referred to clinical services at 18 months. Further analysis at the level
of single items is warranted to improve these screening instruments.
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Introduction
Commitment to the early detection of Autism Spectrum Disorders (ASD) in children has
resulted in more children being identified in the pre-school period (Chakrabarti, Haubus,
Dugmore, Orgill, & Devine, 2005). However, there is still a gap of 18 months between
parents’ first concerns and the definitive diagnosis (Harrington, Rosen, & Garnecho, 2006).
This diagnostic delay increases parental distress (Baron-Cohen, Allen, & Gillberg, 1992;
Schall, 2000) and delays treatment, which is unfortunate because there is evidence that
early intervention leads to better outcomes. Studies have shown that children with ASD
make greater advances when they start treatment before 4 years of age than at an older
age (Corsello, 2005; Rogers, 1996), and early intervention is associated with language gains,
improved social behaviour, and decreased symptoms of autism (Rogers, 1996).
Despite the importance of identifying and treating ASD early, it remains difficult to
detect ASD in young children. Clinical features such as failure to develop peer relationships
and lack of varied pretend play emerge over the first years of development and cannot be
used as a diagnostic criterion at an early age, and symptoms of repetitive movements,
such as flapping or rocking, may be present in typically developing infants (Leekam et al.,
2007). In addition, the characteristics of autism change over time and can become more
obvious and severe, or more subtle and difficult to detect. The need for screening
instruments to facilitate the early recognition of autism and related disabilities has long
been recognized. The first instrument developed for this purpose was the Checklist for
Autism in Toddlers (CHAT) (Baron-Cohen et al., 1992). Based on the Theory of Mind
construct and joint attention, the CHAT was designed to screen for autism in children at 18
months of age in the general population. It includes nine parent-report items combined
with five observational items that are completed by a home visitor. Researchers in the USA
subsequently modified and extended the instrument to a 23-item parent-report
questionnaire (Robins et al., 2001). The Modified Checklist for Autism in Toddlers (M-CHAT)
incorporates the original nine CHAT parent-report questions and additional items, and
eliminates the practitioner observation component of the CHAT. Another instrument was
recently developed for early screening: the CoSoS (Early Screening of Autistic Traits)
(Swinkels et al., 2006). This questionnaire consists of 14 Yes–No items and was developed
as a primary screen to identify children at risk of ASD in the general population at 14
months. The CoSoS is an empirically based, bottom-up constructed questionnaire, which
means that it is based on the review of prominent early signs and symptoms of ASD as
reported in earlier studies. The CoSoS is not a top-down instrument like the CHAT key
screening items that have been chosen to fit a conceptual model.
Although these screening instruments have been tested and validated in high-risk
samples and in unselected samples of children of different ages, their psychometric
properties as primary screening instrument for children aged 18 months in the general
population have not yet been fully investigated or replicated. Since there is still a gap
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between parents first concerns and clinical evaluation, it is of interest to know if a screen
positive result is related to other parental worries, behavioral and medical problems and
referrals. Previous studies by Glascoe (1999, 2003) and Tervo (2005) for example, found that
parental concerns relate directly to their child’s wellbeing and development. Also, parental
judgment about whether or not to comply with professional recommendations did
reflect a rather accurate estimate of the severity of autistic symptoms of their child (Dietz
et al., 2007). However, there are some complications that add to the difficulties in early
identification and intervention of children at risk. For example, health providers may
minimize or dismiss parental concerns (Carter, Briggs-Gowan, & Davis, 2004). To complicate
things further, previous studies found that when parental suspicions of problems or
symptoms are not systematically elicited, more than 40% of parents do not reveal them
(Glascoe, 2003). When the parents expressed their concerns, this did not increase the
likelihood of referral to diagnostic and treatment services from a primary physician (Sices,
Feudtner, McLaughlin, Drotar, & Williams, 2004). Using a standardized tool or instrument
improves an exchange of thoughts for parents as well as health care providers. Therefore
this study focuses on the very important stage before clinical assessment, by addressing
parental concerns, behavioral and medical problems and early referral status in relation to
screening outcomes at the CoSoS and M-CHAT. If the CoSoS or M-CHAT strongly
differentiate between the degree and content of parental concerns for children being
screening positive and children being screen negative, this would contribute importantly
to the validity of both instruments in being able to identify children at high risk for autism
spectrum disorders or other serious developmental problems at an early age. In addition,
there have been no head-to-head comparisons of the two instruments in the same
population.
Here, we report results from a large Norwegian prospective pregnancy cohort study
that included the CoSoS and M-CHAT on the 18 month questionnaire. We investigated: (1)
proportions of children that screened positive for ASD on the CoSoS or the M-CHAT; (2)
the extent to which screening positive on the CoSoS and M-CHAT is associated with
clinical referral by 18 months; and (3) whether screening positive on the CoSoS or M-CHAT
is associated with other aspects of children’s development, health, and behaviour.

Methods
Design
This study was part of on an ongoing, prospective pregnancy cohort study of more than
100,000 births in Norway, the Norwegian Mother and Child Cohort Study (MoBa) (Magnus
et al., 2006; Ronningen et al., 2006; Stoltenberg et al., 2010). The MoBa cohort was initiated
in 1999 and had included 100,000 pregnant women by April 2008. Pregnant women at
participating hospitals were recruited to the study through a postal invitation in connection
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with the routine ultrasound examination offered to all pregnant women in Norway at
17-18 weeks of gestation (www.fhi.no/morogbarn). Overall, 44% of those invited agreed to
participate; informed consent was obtained from all participants. Information on the
health and life style of the pregnant women, their partners, and, subsequently, their
children was collected by means of questionnaires during pregnancy and post partum.
The current study is based on the quality-assured data files released for research version II.
The Regional Committee for Medical Research and the Norwegian Data Inspectorate
approved the study. In this study, we used the data collected with the questionnaire that
mothers completed when their child was 18 months.

Participants
The study population was a subsample of the children from the MoBa study. The two
inclusion criteria were that the child became 18 months during the inclusive period 25
July 2003 to 29 March 2005, and that the mother had completed the questionnaire when
the child was 18 months old. Of the 16,919 children that met the first criterion, 13,015 also
met the second criterion (response rate for completion of the questionnaire at 18 months
was 76.6%). Sixty-seven children were excluded because all M-CHAT and/or CoSoS data
were missing, leaving 12,948 questionnaires for analysis. Non-systematic missing data on
items were coded as system missing, did not add to the total scores and did therefore not
contribute to a possible screen (positive) status. Cases were included if they had at least
one item of the CoSoS and M-CHAT filled in. M-CHAT and CoSoS data were complete (all
items filled in) for 11,952 of the 12,948 children (12,102 cases on MCHAT items and 12,666
cases on CoSoS items). The mean age of the children at completion of the questionnaire
was 18.53 months (SD = .54). The sample consisted of 6,616 boys (51.1%), 6,290 Girls (48.6%),
and 42 children whose sex was not reported (0.3%). In the total sample, 91.8% of the
children had parents who were both native Norwegian speakers and 87.7% had
grandparents who had Norwegian as mother tongue.
In a population based design it is of great importance to know if the sample is a good
representation of the general population. For this study, family characteristics that are
related to the age of identification of ASD are of special interest, such as parents’
socio-economic status (Fountain, King, & Bearman, 2011). In the current study the gross
income of parents was divided into income groups with a range of 99.000 NOK. The
median gross income group of the sample (including child support, unemployment
benefits, and other allowances) was NOK 200,000–299,000 (€27,000–40,000) for mothers
and NOK 300,000–399,000 (€40,500–54,000) for fathers, which was higher than that of the
Norwegian population overall, since the median income in Norway 2003 was NOK 186,500
(€25,000) for women and NOK 285,600 (€38,000) for men (Kristiansen & Sandnes, 2006b).
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Procedure
When the child was 18 months old, the mother was sent a questionnaire on maternal and
child health. If the mother did not return the questionnaire within 3 weeks, a written
reminder was sent. All forms were scanned and the data were quality controlled and
deidentified before being given to the researchers (Magnus et al., 2006). The research
team was completely separate from any clinical services that were used by parents and
their children and the obtained results from the 18-month questionnaire were not
communicated to and used by general practitioners.

Instruments
The 18-month questionnaire included questions about the child’s nutrition, growth,
health, illnesses, medications, development, behaviour, and everyday life, and about
parental health and welfare. The section on child development and behaviour incorporated
the M-CHAT and the CoSoS. The order of the items from the two instruments were not
counterbalanced or interspersed. We used a fixed format.

M-CHAT
The M-CHAT is an extension of the Checklist for Autism in Toddlers (CHAT) (Baron-Cohen
et al., 1992). The M-CHAT includes the first nine parent-report items of the CHAT and 14
additional items were created based on hypotheses from the literature, clinical instruments
used to evaluate older children, and the clinical experience of the M-CHAT authors. Six
M-CHAT items, identified by discriminant function analysis (DFA), are considered essential:
protodeclarative pointing, response to name, interest in peers, bringing things to show
parents, following a point, and imitation. Children who fail any 3 of the 23 items or 2 of the
6 critical items are considered screen positive. The psychometric properties (sensitivity,
specificity, positive and negative predictive power) and reliability of the M-CHAT have
been investigated in both low- and high-risk samples aged between 16 and 48 months
(Kleinman, Robins, et al., 2008; Pandey et al., 2008; Pinto-Martin et al., 2008; Robins, 2008;
Robins et al., 2001). In these studies, the proportion of the population that screened
positive ranged from 5.7 % to 14%; the positive predictive value (PPV) was low (PPV=
0.058–0.11), but was increased by telephone follow-up (0.57–0.65) (Kleinman, Robins, et al.,
2008; Robins, 2008). Pandey et al. (2008) reported PPVs after telephone follow-up of .28
and .61 for younger and older low-risk groups of children, respectively. A recent study by
Chlebowski, Robins, Barton, and Fein (2013) showed that the M-CHAT is an effective
screening instrument for ASD when the two-step screening procedure is used including
the follow-up interview to reduce the number of fase positives. They also found that
children with a total score of 7 or higher can be directly referred for further clinical
evaluation and bypass the follow-up interview. Another recent large population study
showed that screening with M-CHAT alone in a general population at 18 months is not
effective in identifying the majority of children who ultimately receive a diagnosis of ASD,
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since only a third of the children diagnosed with ASD, scored above the cut-off the
M-CHAT at 18 months (Stenberg et al., 2014). For the present study, the M-CHAT was
translated (and back translated) into Norwegian from English (the original version). All 23
M-CHAT items are represented in the 18-month questionnaire. The scoring algorithm
defines screen positive as failing 3 of the 23 M-CHAT items or 2 of 6 critical items. For the
current study we did not include a telephone interview, which is consistent with the
American Academy of Pediatrics’ recommendations on early screening for ASD (Johnson,
Myers, & American Academy of Pediatrics Council on Children With, 2007).

CoSoS
The CoSoS was developed to identify ASD in children in the (developmental) age of 0-36
months in the general population. It consists of 14 items and covers the domains of pretend
play, joint attention, interest in others, eye contact, verbal and non-verbal communication,
stereotypes, preoccupations, reaction to sensory stimuli, emotional reaction, and social
interaction. Items of the CoSoS are answered with “yes” for typical and “no” for atypical
behaviour. Children with “no” answers on at least 3 of the 14 CoSoS items are screen positive
(Swinkels et al., 2006). The CoSoS has been evaluated in a two-stage screening procedure in
a study involving 14-month-old children (N= 31,724) from the general population that had
been prescreened by physicians at well-baby clinics using a 4-item prescreening instrument
including the first four items on the CoSoS. Children who failed any of the four items were
considered prescreen-positive, and parents were asked to complete the 14-item CoSoS.
Children who screened positive on the complete 14-item CoSoS were invited for further
systematic psychiatric examination. Eighteen of 73 high-risk children were subsequently
diagnosed with ASD. The remaining high-risk children had developmental language
disorder, or mental retardation (Dietz et al., 2006). The CoSoS is recently introduced as a
screening instrument and available in a educational package CoSoS – “Screening of ASD at
a young age”, containing a set of CoSoS questionnaires, and a theoretical and practical
manual for identifying, screening and diagnosing ASD (Buitelaar et al., 2009).
For the present study, the CoSoS was translated (and back translated) into Norwegian
from Dutch (the original version). The complete instrument 14-item CoSoS was included
in the 18-month questionnaire. The scoring algorithm defines screen positive as failing 3
of the 14 items.
Referral status
The main outcome was referral to developmental services as reported by the parents in
the 18-month questionnaire. This included referrals to educational services, child
habilitation units, and child psychiatry services. Each service has specific functions: the
educational services are for the assessment of eligibility for resources due to learning
difficulties; the child habilitation units are for the medical examination and diagnostic
work-up for children with neurodevelopmental disorders; and the child psychiatry services
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are for mental health issues and the diagnostic work-up of behaviour problems. All
children with disabilities are ultimately seen by the educational services. The special needs
populations of these three different services, therefore, overlap.

Other clinical and developmental characteristics
The health and development of the children that tested positive on the M-CHAT and/or
on the CoSoS was investigated, using preselected items from the 18-months questionnaire.
Medical problems were assessed with four items reflecting aspects of child health often
associated with poor development, including worries about physical development,
hearing problems, diverging head circumference, and seizures. Up to 30% of individuals
with autism spectrum disorder (ASD) have comorbid epilepsy, while the prevalence of
epilepsy in all children is 2–3% (Stafstrom, Hagerman, & Pessah, 2010; Tuchman & Rapin, 2002).
Motor development was assessed with six items on gross and fine motor development.
Although not being core symptoms of autism, movement disorders and delayed motor
development have been associated with ASD (Esposito & Venuti, 2008; Landa & GarrettMayer, 2006; Provost, Lopez, & Heimerl, 2007). Parental concerns were assessed with three
items on parental “worries” about the child’s physical development and behaviour.
Parental concerns about their child’s behaviour are associated with mental health issues
(Glascoe, 2003). However, at least one study has found that parental worries, as scored
using the Parents’ Evaluation of Developmental Status (PEDS), were not predictive of
M-CHAT screen positivity (Pinto-Martin et al., 2008). Social, emotional, language and
communication, and joint attention were assessed with items derived from standard
developmental scales such as the ASQ (Ages and Stages Questionnaires) (Squires et al.,
1997); EAS (Emotionality, Activity, Shyness, Sociability Scale (Buss & Plomin, 1984; Mathiesen
& Tambs, 1999); SCQ (Social, Communcation Questionnaire; Previously called Autism
Screening questionnaire: ASQ) (Berument et al., 1999); NVCC (NonVerbal Communication
Checklist : Schjolberg, In preparation). The source of the items is indicated in Table 4.2
(because Table 4.2 consists mainly of results, the table is placed in the result section).
In this study, all items were binomial and scored in the same direction with a score 0
for a normal answer and score 1 for an abnormal answer. In this way, the percentage of
children scoring on an item reflects the percentage of children having developmental,
health, and behavioural problems.

Data Analyses
First, we investigated the overlap between the M-CHAT and CoSoS by comparing the
proportion of children that tested positive with either instrument, using the McNemar test
(Houwelingen et al., 1993; Petrie & Sabin, 2005). To measure the level of agreement
between the M-CHAT and CoSoS, a tetrachoric correlation was calculated with the
statistical program R (R Development Core Team, 2008) using the Polycor package version
0.7-5 (Fox, 2007) and an algorithm for polychoric correlations reported by Drasgow (1986)
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and Olsson (1979). The tetrachoric correlation estimates what the correlation between
binary raters would be if ratings were made on a continuous scale (Uebersax, 2006), and
the trait underlying the rating is conceived to be continuous. The tetrachoric correlation is
preferable to Kappa if the observed prevalence of responses in one of two available
categories is low. Its value is interpreted in the same way as a Pearson correlation (Uebersax,
2006). Cohen (Cohen, 1988) gives the following guidelines for interpretation of effect sizes
in social sciences: a correlation coefficient of .10 is thought to represent a weak or small
association; a correlation coefficient of .30 is considered a moderate correlation; and a
correlation coefficient of .50 or larger is thought to represent a strong or large correlation.
However, the criteria for the interpretation of a correlation coefficient are in some ways
arbitrary and should not be followed too strictly.
Secondly, we investigated whether testing positive on the M-CHAT or CoSoS was
associated with referral to developmental services by 18 months, by calculating PPV and
negative predictive values (NPV). The PPV reflects the proportion of children that screened
positive that were referred to any of the three developmental services (educational,
habilitation, child psychiatry). The NPV reflects the proportion of children that screened
negative that were not referred to any of the developmental services. PPV and NPV were
calculated separately for the two instruments.
Thirdly, we investigated clinical and developmental differences between the children
that screened positive or negative on the M-CHAT and CoSoS. The percentage of children
in each group whose mothers had indicated that their children had medical, motor
developmental, emotional, language and communication, or social interaction problems
or showed ‘abnormal’ joint attention and play (see Table 4.2) were compared, using a
z-test of two independent proportions. In addition, we compared the referred and
non-referred children among CoSoS and M-CHAT screen positive children on the clinical
and developmental variables using Chi-square tests or Fisher’s Exact Test. This could
give some insight into the reasons why children were referred to developmental services.
The statistical analyses were performed with the statistical software package SPSS 20.0.

Results
Screen Positive Scores of the M-CHAT and CoSoS
Of the 12,948 children, 71 screened positive on the CoSoS (0.5%) and 826 screened positive
on the M-CHAT (6.4%) (p<.01). Cross-tabulation of CoSoS by M-CHAT screening status
showed that 93.5% of all children screened negative on both instruments, 0.4% screened
positive on both instruments, 0.2% screened positive on the CoSoS but negative on the
M-CHAT, and 6.0% screened negative on the CoSoS but positive on the M-CHAT (Table 4.1).
The tetrachoric correlation was .685, indicating a strong agreement between the M-CHAT
and CoSoS.
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Table 4.1 Crosstabs of CoSoS Screen Scores by M-CHAT Screen Scores
M-CHAT screen
Negative
CoSoS screen

Negative

Positive

Total

12,102

775

12,877

93.5%

6.0%

99.5%

20

51

71

0.2%

0.4%

0.5%

Positive
Total

12,122

826

12,948

93.6%

6.4%

100.0%

Note. McNemar Chi2 = 512.080, p < .01; r tet = 0.685

CoSoS and M-CHAT screen scores were the highest for the lower income groups and
the lowest for the highest income groups. Although these differences were significant,
partly due to the large numbers in the study, the magnitude of the differences for the
CoSoS and M-CHAT between the income groups was very small (maximum difference
between income groups CoSoS: 0.17 ; M-CHAT: 0.37) and the correlations between the
separate income groups and the screen score of the CoSoS and M-CHAT were very low
(rmin-max= -.012 - -.028). Further, no difference was found in the distribution of children
referred across the income groups (father and mother), between .6% and 2.8% of the
children in each income group has been referred (Income mother: χ2 = 9.91; p= .13; Income
father: χ2 = 8.73; p= .27).

Screening Status and Clinical Referral
In total, 184 children from the study population were referred to a developmental service.
Of these 184 referred children, 79 (42.9%) had screened positive on the M-CHAT, 21 (11.5%)
had screened positive on the CoSoS, 21 (11.5%) screened positive on both instruments
and 103 (56.0%) screened negative on both the CoSoS and M-CHAT. Reversely, 79 of 826
(9.6%) children that tested positive on the M-CHAT were referred to developmental
services, 21 of 71 (29.6%) children that screened positive on the CoSoS had been referred
to developmental services, and 21 of 51 (41.2%) children that screened positive on both
instruments had been referred by 18 months. Figure 4.1 shows the percentages of children
referred to the developmental services (children could be referred to more than one
service).
The PPV of the CoSoS was higher (range .070–.296) than that of the M-CHAT (range
.012–.096) for overall referral and for referral to specific services than among M-CHAT
screen positives. This difference was most marked for the category ‘Referred to child
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% Children Referred among
Screen Positives and not Screen Positives*

1.6

M-CHAT

9.6

2.0

Any referral

CoSoS

29.6

2.0
M-CHAT
and
CoSoS

41.2

1.2
CoSoS

1.5
M-CHAT

M-CHAT
and
CoSoS

1.6
CoSoS

22.1

1.6
M-CHAT
and
CoSoS

29.4

Child habilitation unit

1.4

6.1
1.5

Educational services

M-CHAT

7.0

25.4

35.3

CoSoS

1.5

1.5
M-CHAT
and
CoSoS

9.8

Child psychiatry services

M-CHAT

1.2 1.4

7.0

not screen positive*

screen positive

Note: * The designation ‘Not screen positive’ refers to children that screened negative on the M-CHAT in the M-CHAT series, screened negative on the CoSoS in the CoSoS series,
or screened negative on the M-CHAT and/or CoSoS in the M-CHAT/ CoSoS series (all children except the children that screened positive on both instruments). Children could be
referred to more than one service.

Figure 4.1 Percentage of children who screened positive or negative on the M-CHAT, CoSoS, or M-CHAT plus CoSoS combined that were
referred to developmental services.
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psychiatry’, where 7.0% (5 of 71) of children that screened positive on the CoSoS had been
referred compared with 1.2% (10 of 826) of the children that screened positive with the
M-CHAT (Figure 4.1). The PPV of screening with both instruments was consistently high for
specific services, and more than 40% for any service referral. The NPV was high for both
instruments (values > .98).

Other Clinical and Developmental Concerns
For all domains examined (Table 4.2), a higher percentage of screen positives as compared
to screen negatives were rated as abnormal. This held true for both the M-CHAT and
CoSoS. For example, 33.3% of the children that screened positive on the CoSoS but only
3.3% of the children that screened negative on the CoSoS showed delayed motor
development. Likewise, 15.1% of the children that screened positive on the M-CHAT but
only 2.7% of the children that screened negative on the M-CHAT showed delayed motor
development.Two-sample z-tests between independent proportions were performed to
determine whether there was a significant difference between the percentages of
children screening positive with the CoSoS, M-CHAT or both the CoSoS and M-CHAT on
items concerning medical, motor developmental, emotional, language and communication,
or social interaction problems or ‘abnormal’ joint attention and play. On nearly all items,
the proportion of children with problems in the CoSoS screen positive group differed
significantly from the proportion of children with problems in the M-CHAT screen positive
group. The proportion of children showing clinical and developmental problems was
about twice as high among children that screened positive with the CoSoS as among
children that screened positive with the M-CHAT. There was no difference found between
the proportion of problems between the CoSoS screen positive group and the group of
children that screened positive with both the CoSoS and M-CHAT (see Table 4.2).
In order to get insight into the clinical and developmental profiles and parental concerns
among referred screen positive children on the M-CHAT and/or CoSoS, we compared
those who were referred to those who were not. Overall, a higher percentage of children
who were screen positive on the M-CHAT and/or CoSoS and were referred to a
developmental service (R), showed motor and language problems and ‘abnormal’ joint
attention and play compared to screen positive children who were not referred (NR)
(p< .05). All percentages for referred and non-referred screen positive children to any
developmental service on the additional clinical and developmental variables are given in
Online Resource 1. The percentage of children with behavioral, health and developmental
problems among referred CoSoS screen positives tended to be higher than among
referred M-CHAT screen positives, this seems especially the case for ‘abnormal’ joint
attention and play. For the children screening positive on both the M-CHAT and CoSoS,
the percentages are comparable to the CoSoS screen positive group. Of special interest
are the characteristics of the referred screen positive children to child psychiatry services.
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EAS
EAS

ASQ
ASQ
ASQ
ASQ
ASQ

Medical problems
Seizures: Age 6-11 months
Seizures: Age 12-18 months
Hearing problems
Worries: physical development
Diverging head circumference
Motor developmental problems
Delayed motor development
Walks rather than crawls
Walks well and seldom falls
Walks down stairs holding hands
Stacks blocks
Turns book pages
Behavioural problems
Worries: behaviour
Worries: difficult to handle
Behavioural problems
Emotional distress
Gets upset easily
Cries easily
0.8
1.4
0.1

4.8
3.8
1.1
18.3
6.1

2.7
0.9
1.5
6.6
2.6
0.3

15.1
10.8
13.6
20.8
12.3
2.9

23.5
10.9

0.2
0.2
1.7
1.0
2.8

(%)

Screen
negative
(N= 12,189)

0.6
0.9
6.4
8.9
6.7

Screen
positive
(N=826)

1
M-CHAT

0.2
0.2
1.9
1.3
3.0
3.3
1.3
2.1
7.3
3.0
0.4
1.0
1.5
0.1
18.5
6.4

33.3
28.2
28.2
35.7
35.2
17.1
24.3
14.3
6.1
36.6
21.1

(%)

Screen
negative
(N= 12,877)

2.9
3.6
15.2
34.8
13.4

Screen
positive
(N=71)

2
CoSoS

35.3
19.6

34.0
18.0
8.7

45.7
39.2
39.2
49.0
45.1
24.0

2.0
2.6
15.2
44.9
19.1

Screen
positive
(N=51)
(%)

18.6
6.4

1.0
1.5
0.1

3.3
1.3
2.1
7.3
3.0
0.4

0.2
0.2
1.9
1.3
3.0

Other
(N= 12,897)

3
Both M-CHAT and CoSoS

1<2
1<2

1 < 2,3
1 < 2,3
1 < 2,3

1 < 2,3
1 < 2,3
1 < 2,3
1 < 2,3
1 < 2,3
1 < 2,3

1<2
n.s.
1 < 2,3
1 < 2,3
1 < 2,3

Sign
(p<.05)

Table 4.2 Percentage of children with additional characteristics, as rated by their parents, expressed in terms of the number of children
screening positive or negative on the M-CHAT, CoSoS, and M-CHAT plus CoSoS combined (N=12,948).
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76
25.6
0.6
0.1
1.8
24.8
9.0
1.8
8.4
2.0
1.1
0.4
0.1
1.8
0.5

16.7
47.3
16.4
9.5
31.1
17.4
13.2
9.2
8.2
11.0
5.4

(%)

Screen
negative
(N= 12,189)

49.4
10.8
4.0

Screen
positive
(N=826)

1
M-CHAT

23.9
47.1
33.8
34.3
31.4
26.8
23.9
19.7

56.3
38.6

36.6

57.7
35.8
19.7

Screen
positive
(N=71)
(%)

2.2
9.6
2.8
1.7
0.8
0.5
2.3
0.7

26.1
9.3

2.6

26.9
1.1
0.3

Screen
negative
(N= 12,877)

2
CoSoS

29.4
62.0
45.1
47.1
43.1
37.3
31.4
27.5

60.8
46.0

49.0

62.7
48.9
27.5

Screen
positive
(N=51)
(%)

2.2
9.6
2.8
1.7
0.8
0.5
2.3
0.7

26.1
9.3

2.6

26.9
1.1
0.3

Other
(N= 12,897)

3
Both M-CHAT and CoSoS

1 < 2,3
1 < 2,3
1 < 2,3
1 < 2,3
1 < 2,3
1 < 2,3
1 < 2,3
1 < 2,3

n.s.
1 < 2,3

1 < 2,3

n.s.
1 < 2,3
1 < 2,3

Sign
(p<.05)

Note. First column shows the name of the instrument where the item is derived from. ASQ= Ages and Stages Questionnaires (Squires et al., 1997); EAS= Emotionality, Activity,
Shyness, Sociability Scale (Buss & Plomin, 1984; Mathiesen & Tambs, 1999); SCQ= Social Communication Questionnaire (acronym for: Autism Screening Questionnaire)
(Berument et al., 1999); NVCC= NonVerbal Communication Checklist (Schjolberg, In preparation)

Language and communication
ASQ Says 8 or more words
Delayed or aberrant language
NVCC Uses sounds/ words together with
gestures
ASQ Looks for objects when asked
Social interaction
SCQ
Comforts others
EAS
Prefers to play with others
Joint attention and play
ASQ Plays with doll or stuffed animal
ASQ Points to correct picture when asked
NVCC Points distally when asked
ASQ Comes to you needing help
ASQ Copies activities
ASQ Points imperative
ASQ Gets attention by pulling hand
NVCC Follows gaze

Table 4.2 Continued.
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There were only significant differences (p< .05) between referred and non-referred
children to psychiatry services among M-CHAT screen positives for behavioral problems,
delayed or aberrant language, fine motor problems and imperative pointing. For the
CoSoS and M-CHAT/CoSoS screen positives no significant differences were found for
psychiatry services, even though the percentages of these groups are higher than those
of the M-CHAT screen positives group and the percentages of problems for the referred
children tended to be higher than for the non-referred children. For referrals to the Child
Habituation Unit and School Psychology Services the most marked differences between
referred and non-referred children were found for motor developmental, language and
joint attention problems and none or less for behavioural problems.

Discussion
This study is one of the first to use parent-completed – without involvement of health
professionals-, screening instruments (CoSoS and M-CHAT) in an unselected general
population. The aims of the study, which involved 18-month-old children, was to explore
the differences between the proportions and the overlap thereof of children that screened
positive on the CoSoS or the M-CHAT, to investigate the association between screening
positive on either instrument and referral to developmental services, and to establish the
clinical and developmental profiles and parental concerns of children that screened
positive on either or both instruments.
Results indicated a significant 10-fold difference in the proportion screening positives
on M-CHAT (6.4%) an CoSoS (0.5%). These findings may suggest that the M-CHAT (without
follow-up interview) is overinclusive and/or the CoSoS is too conservative. The prevalence
of ASD among older children is estimated around 0.9% (Autism and Developmental
Disabilities Monitoring Network Surveillance Year 2006 Principal Investigators & Centers
for Disease Control and Prevention (CDC), 2009), lower than the M-CHAT screen positive
rate (6.4%) and higher than that of the CoSoS (0.5%). The relatively high screen positive
rates of the M-CHAT in the current study are in line with previous studies (6-14%) (Kleinman,
Robins, et al., 2008; Pandey et al., 2008; Pinto-Martin et al., 2008; Robins, 2008). The
psychometric properties of the CoSoS have yet to be tested in a general unselected
population.
Further, analysis revealed differences in service referral between the two instruments.
Almost thirty percent of the children that screened positive on the CoSoS had been
referred to any specialist services by 18 months, which was nearly three times higher than
the referral rate of children screening positive on the M-CHAT. Among children that
screened positive on both instruments almost half had been referred to any services by 18
months. Of the children that screened positive on either the M-CHAT or the CoSoS, most
were referred to educational services; few were referred to child psychiatry services.
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However, the proportion of children referred to child psychiatry services was 6 times
higher among children that screened positive on the CoSoS than among children that
screened positive on the M-CHAT. This suggests that children who screen positive on the
CoSoS have more psychiatric problems than children that screen positive on the M-CHAT.
Across all developmental services a relatively higher percentage of screen positive children
on the CoSoS compared to on the M-CHAT tended to have ‘abnormal’ joint attention and
play which is considered a primary marker for early detection of ASD. Results suggest
further that the M-CHAT possibly identifies children with (milder) lower intellectual and
adaptive functioning. This is in line with another large population study of MoBa which
shows that as many as 7.3% of the children in the non-ASD group scored above cut-off on
the M-CHAT 23-item criterion at 18 months and that only a third of the children screening
positive at 18 months were diagnosed with ASD at a later age (Stenberg et al., 2014).
The PPV of the CoSoS and M-CHAT for clinical referral at 18 months was moderate
for children that screened positive on both instruments, low for children that screened
positive on the CoSoS, and very low for children that screened positive on the M-CHAT.
The PPV of the M-CHAT for clinical referral (ranging from (.012–.096) was comparable with
PPV’s for ASD reported by Kleinman et al. (2008) and Robins (2008), namely, .11 and .058,
respectively, for children that screened positive on the M-CHAT. The PPV of the M-CHAT in
this study could be higher if we had incorperated the follow-up interview or used the
suggested cut-off of 7 which bypasses the follow-up interview (Chlebowski et al., 2013).
However, using the more conservative cut-off of 7, we would have missed some of the
children with screen scores between 3 and 6, who have perhaps milder symptoms, but
still have an increased risk for having developmental problems. There are no reports of the
PPV of the CoSoS for ASD in the general population at very young age. The low PPV we
found in this study could reflect the very young age of the sample coupled with the fact
that ASD is often diagnosed late.
Interestingly, it seems there were also qualitative differences in the nature of problems
that were picked up by the instruments. In all domains of health and development
evaluated in the exploratory analysis, a higher proportion of screen positives as compared
to screen negatives, endorsed abnormality on other clinical and developmental problems,
as rated by their parents. Overall, a higher proportion of children that screened positive on
the CoSoS than positive on the M-CHAT had these problems. Although not significantly
different from CoSoS screen positives, parents of children that screened positive on both
instruments reported more clinical and developmental concerns in our post-hoc analysis.
These children also had the highest referral rates for developmental services. This may be
because the use of a combination of screening instruments means that there are more
questions or items, and that sometimes more than one item addresses a certain aspect or
behaviour. This could increase the likelihood that parental concerns about developmental
problems are addressed. Further, more than one question about a particular aspect or
behaviour might make parents more aware of the importance of this aspect or behaviour.
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This suggests that investigation of the predictive value of individual items might lead to
further optimizing the screening instruments.
In sum, when choosing a screening instrument for the general population, investigators
need to weigh the balance between false positives and false negatives. If the goal is to
identify children at risk who should be closely monitored, it might be better to select too
many rather than too few children for follow-up, making the M-CHAT the preferred
instrument. However, selecting children with false-positive screening results for further
follow-up might cause unnecessary parental anxiety and increase costs, making the
CoSoS the preferred instrument. Moreover, the CoSoS differentiates more than the
M-CHAT between the degree and content of parental concerns for children being
screening positive and children being screen negative, which strongly contributes to the
validity in being able to identify children at high risk for autism spectrum disorders or
other serious developmental problems. As mentioned before, identifying children at high
risk for autism spectrum disorders at an early age with an standardized instrument
enhances exchange of thoughts for parents as well as health care providers, reduces
diagnostic delay and subsequently parental distress and enables early intervention which
leads to better outcomes. Investigation of the predictive value of individual items might
be warranted to be able to give a recommendation or provide a strategy for the use of
different questionnaires.

4

Limitations
The cross-sectional nature of the study means that we cannot establish whether, for
example, parental concerns preceded referral to developmental services, or whether
referral triggered symptom detection. Our data are based on parental information only.
This could lead to an underestimating of the PPV of both instruments, because it is
plausible that concerns increase as children get older. Parents however, are the main and
in almost all cases sole informant about very young children’s behavior problems, and
there is a body of evidence indicating the merit and validity of parent information (Dietz
et al., 2007; Glascoe, 1999, 2003; Tervo, 2005).
Final diagnoses (ASD: yes or no; mental handicap: yes or not) are crucial for examining
the psychometric properties of the screening performance. However, outcome measures
as being clinically referred, presence of parental concerns, and behavioral and medical
measures are very relevant and generally accepted proxy measures of “caseness”. These
proxy measures can give us better insights into the utility of the screening performance,
pending more final analyses based on more specific clinical diagnosis.
As mentioned earlier, in a population based design it is of great importance to know
if the sample is a good representation of the general population. Although many
contextual factors could play a role, we believe that SES stands at the basis of this
comparison, since SES in itself is related to many other contextual factors and parents’
socio-economic status is found to be related to the age of identification of ASD (Fountain
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et al., 2011). However, Norway has relatively small differences in socioeconomic status and
ethnicity in the population compared to some other countries and the health- and
welfare-system in Norway is well-developed. In the current study we have a sample with
somewhat higher SES than the population, no relation between SES and referral status,
but slightly higher scores in the lower income groups. This means that the screen scores
found on the CoSoS and M-CHAT could have been even slightly higher when more low
SES families would have participated. This effect applies to both instruments and
counteracted rather than augmented our finding that the high scores on the M-CHAT
items in particular may lead to over-identifying high-risk children. We feel justified to
conclude that our results have not been biased to any relevant extent by SES factors.

Strengths
The strength of the study is its population-based design. Moreover, the wealth of
questionnaire data made it possible to investigate the screening instruments in relation to
other variables related to health and development. Lastly, the longitudinal design of the
MoBa mother-and-child cohort study provides the opportunity to determine the sensitivity
and specificity of these screening instruments as children grow older and undergo
diagnostic assessments. The longitudinal information obtained in the MoBa study might
provide insight into population screening and public health requirements for an adequate
instrument, and the costs of screening large populations.

Conclusion
Our findings suggest that children who screen positive on the CoSoS and the M-CHAT
have different profiles in terms of their clinical and developmental characteristics. The
CoSoS identified fewer children as being at risk of ASD than the M-CHAT, but a higher
proportion of children that screened positive on the CoSoS were referred to developmental
services and the CoSoS tended to identify more children with medical, emotionally,
language, and behavioural problems. The M-CHAT identified more children at risk of ASD,
but these children were less referred to developmental services and had fewer problems
associated with other aspects of children’s development, health, and behaviour than the
children that screened positive with the CoSoS. Since a post-hoc analysis of combining
the two instruments appeared to be more effective than the individual instruments alone
in identifying children referred to clinical services at 18 months, further analysis at the level
of single items is warranted to improve these screening instruments.
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Chapter 5
Autism Population Screening at 14 months
as Predictor for Social, Communicative and
Behavioral Problems at School Age

Chapter 5 | ASD population screening as predictor for behavioral problems at follow-up

Abstract
The aim of this longitudinal study was to gain insight into the behavioral and developmental
outcomes of children from the general population who showed early signs of social
communication problems, based on a short prescreening at 14 months or referral because
of parental/ clinical concerns (mean age 27 months) and subsequent screening with an
autism spectrum (ASD) questionnaire in infancy. Five years later, parents and teachers
completed the Social Communication Questionnaire (SCQ), Child Behavior Checklist
(CBCL), and Teacher Report Form (TRF). Results showed that early signs of social
communication problems were predictive of an increased risk of ASD and other behavioral
problems 5 years later, even in infants that screened positive on one occasion (when
about 14 months old) only.
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Introduction
The importance of early recognition of autism spectrum disorder (ASD) and related
disabilities, and early intervention is commonly recognized. With increasing resources
spent on early detection, more children with ASD are being identified as early as in the
preschool period (Hertz-Picciotto & Delwiche, 2009). This is of great value because the
stability of ASD diagnoses in children diagnosed before three years is found to be high
(Ozonoff et al., 2015; Woolfenden, Sarkozy, Ridley, & Williams, 2012). Worldwide there are
several longitudinal studies that have screened for ASD in high risk infants and toddlers
and followed development over time (Chawarska et al., 2014; Oosterling et al., 2010;
Ozonoff et al., 2015; Surén et al., 2014; Towle et al., 2014). Detecting these children and
starting interventions at an earlier phase can make an important contribution to a
long-term symptom reduction and improve cognitive, adaptive and social functioning
(Dawson et al., 2010; Eapen et al., 2013; Pickles et al., 2016; Warren et al., 2011). It may also
reduce long term costs for education, (supported) work and (sheltered) living for
individuals with ASD (Peters-Scheffer et al., 2012).
However, in most of the abovementioned studies, children were considered to be
at high risk because a relative (usually a sibling) had been diagnosed with ASD and/or
because they had severe ASD often in combination with significant developmental delay.
Children with milder symptoms, without developmental delay and/or with rather intact
early development of language skills, are likely to go undiagnosed for longer. It is not until
the preschool or school-age years, when greater demands are made on their skills to
initiate and maintain reciprocal social interactions with peers, that these children may
evoke concern in their parents, teachers, and mental health professionals (Autism and
Developmental Disabilities Monitoring Network Surveillance Year 2010 Principal Investigators
& Centers for Disease Control and Prevention (CDC), 2014; Daniels & Mandell, 2014).
Relatively little is known about the developmental outcomes of children with milder signs
of social and/or communication difficulties that do not always meet the full diagnostic
criteria for ASD at initial assessment. Specifically, very few data have been published about
infants from the general population who screen positive on a ASD screenings instrument
in relation to behavioral or developmental problems at a later age. This is even more
the case for infants who screen negative on an ASD screening instrument. Investigating
not only later ASD symptoms, but also broader behavioral or developmental problems
could be of great interest since ASD is rarely an isolated disorder and should always be
considered in a context of other neurodevelopmental disorders (Barnevik Olsson et al.,
2016), for example ADHD (Rommelse et al., 2011; Thapar et al., 2017; Visser et al., 2017).
In the SOSO (ScreeningsOnderzoek Sociale Ontwikkeling) project, an effort was made
to detect children at risk of ASD at age 14-15 months in a general, unselected population
of 31,724 children and to monitor them into their school-age years (Dietz et al., 2006;
Swinkels et al., 2006). Infants were prescreened for ASD by physicians at well-baby clinics
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(based on interest in different toys, plays in varied ways, understanding emotions of the
child, reaction to sensory stimulation). Infants that screened positive on this prescreening
were then evaluated during a home visit by a trained child psychologist (N=255, 0.8%),
using an ASD screening instrument, the Communicative and Social developmental Signs
(CoSoS; previously called Early Screening of Autistic Traits Questionnaire: ESAT) (Buitelaar
et al., 2009; Dietz et al., 2006; Swinkels et al., 2006). In addition to the 14-to 15-month-old
infants who tested positive at the prescreening, a group of infants (N=127; mean age 27.6
months) who were identified as being at risk for ASD during routine developmental
surveillance based on concerns about their social development were also evaluated with
the CoSoS during a home visit. All children that screened positive on the CoSoS were
considered to be at high risk of developing ASD and were invited for further systematic
psychiatric examination (Swinkels et al., 2006). The question remains how many of the
children who screened positive on both the prescreen and the ASD screening instrument,
independent of whether they did or did not meet diagnostic criteria for ASD then, are still
at risk for ASD traits and other behavioral problems later in life. Another question is if
worries about the social communicative development or a positive prescreen for ASD just
once at a very early age, but a screen negative result on a specific ASD screening
instrument shortly thereafter is a sufficiently reliable predictor of the absence of ASD traits
and behavioral problems later in life.
The aim of this study was to examine the behavioral outcomes at 7 years of age of the
382 infants from a population-based study that screened positive on only the screening
at the well-baby clinic (prescreening or parental/clinical worries) but not the testing with
the CoSoS during the home visit (referred to as single-screen positive infants) or who
screened positive positive on both the well-baby clinic screening and the home visit
with the CoSoS (referred to as double-screen positive infants). For this follow-up study,
we collected parent- and teacher-reported information (Social Communication Questionnaire
(SCQ), Child Behavior Checklist (CBCL), and the Teacher Report Form (TRF)) on average
5 years after the initial screening to investigate whether these two groups are still at risk
of developing a developmental disorder or other psychopathology later in childhood.
The hypotheses of the current study are that double-screen positive children have a more
negative developmental outcome than single-screen positive infants, and that singlescreen positive infants would have more and a wider range of developmental problems
than normative infants at a later age.
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Methods
Procedure
A two-level protocol for screening for ASD was performed in a random population of
31,724 children aged 14-15 months. A flowchart is shown in Figure 5.1. At the first level,
children were prescreened by physicians at well-baby clinics using 4-items (cut-off ≥ 1)
(Does your child show interest in playing with a variety of objects? Can your child play
with toys in varied ways? Can you understand why your child laughs or cries? Does your
child react in a normal way to sensory stimulation?) (Swinkels et al., 2006). Infants that
screened positive (N=370 of which N= 255, 0.8% participated) were then evaluated (level
2) during a 1.5 hour home visit by a trained child psychologist using an ASD screening
instrument, the 14-item questionnaire Communicative and Social developmental Signs
(CoSoS) (Buitelaar et al., 2009; Dietz et al., 2006; Swinkels et al., 2006). In addition, a group of
free referrals (N=127; mean age 27.6 months) who were identified as being at risk for ASD
during routine developmental surveillance based on concerns about their social
development, were also screened with the complete 14-item CoSoS during a home visit.
This group was tested during the same period as the other group, but was not part of the
population-screening sample. The two groups of children did not differ with respect to
sex (χ2= 1.90, p= .17) and highest education level of the parents (fathers: χ2= 3.02, p= .55;
mothers χ2= 2.02, p= .73). On the Mullen Scales of Early Learning, the mean Early Learning
Composite Standard Score was 90.23 (sd=15.99, N=230) in the prescreen group and 76.17
(sd= 19.94, N=94) in free referral group (p<0.00).
The parents and teachers of the 382 children who received a home visit were
approached for the current follow-up study on average 5 years later. The SCQ (parent and
teacher version), Child Behavior Checklist (CBCL), and the Teacher Report Form (TRF) were
sent by mail; in total, 241 parents and 157 teachers returned their respective questionnaires.
The response rates did not differ for the two groups of children (χ2= 0.73, p= .39). Of the
non-responders, 71 parents were not traceable by phone or mail, but since they were
eligible for the follow-up study, they were not excluded. This resulted in a 63.1% response
rate for parents and 41.1% for teachers. Children who were referred on the basis of parental/
clinical concerns and worries appeared to be more severely affected when assessed with
the CoSoS and at follow-up than the prescreened infants (see supplementary material).
All procedures performed in this study were in accordance with the ethical standards
of the institutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards. Informed consent
was obtained from all individual participants included in the study.

Participants
The total sample consisted of 382 high-risk children: 195 infants that screened positive at
the prescreen but not at the CoSoS (single-screen positive: 51%) and 187 infants that
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Level 1

Pre-screen - Well baby
clinics N= 31.724

(m =19.1 months)

Screen positive
N=370 (1.2%)

Screen negative
N=31.354

Non-Compliance
N=115 (31%)

Free referrals
N=127

Level 2

ASD screen - Home visit
N=382

(m= 20.5 months)

Screen negative:
Single-screen positive
N= 195 (51%)

Screen positive:
Double-screen
positive N= 187 (49%)
Untraceable
N= 71 (18.5%)

Follow-up
(m= 7.5 years)

Follow-up 5 years later
Parents: SCQ and CBCL N=241 (77.5%)
Teachers: SCQ and TRF N= 157 (50.5%)

Figure 5.1 Flowchart.
SCQ: Social Communication Questionnaire; CBCL: Child Behavior Checklist; TRF: Teacher Report Form

screened positive at both the prescreen and CoSoS (double-screen positive: 49%) The
mean age of the infants at the time of the well-baby screening (prescreen or free referral)
was 19.1 months (sd= 7.5), at the home visit 20.5 months (sd= 7.5), and at follow-up
7.5 years (sd= 1.1). Children that were included in the follow-up because their parents returned
the CBCL and/or SCQ did not differ from children that were not included (not returned
follow-up questionnaires) with respect to their screen status at the home visit (χ2= 3.63,
p= .057), sex (χ2= 1.14, p= .29), age (t(379)= 1.06, p= .29) and parental highest education
level (fathers: χ2= 1.84, p= .77; mothers χ2= 0.85, p= .93). Other demographic details of the
sample can be found elsewhere (Dietz et al., 2006; Swinkels et al., 2006). Of the 187
double-screen positive children who were further examined at the Department of Child
Psychiatry, 68 (36.4%) were diagnosed as having ASD. The main other diagnoses were
intellectual disability without ASD (N= 16, 8.6%), other non-ASD DSM-IV diagnoses (Ax I or
II: N= 41, 21.9%), or no psychiatric diagnosis (N= 27, 14.4%). The single-screen positive
infants were not examined at the Department of Psychiatry.
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Instruments
CoSoS
The Communicative and Social developmental Signs (CoSoS) (Buitelaar et al., 2009) is an
empirically based, bottom-up constructed questionnaire based on the review of prominent
symptoms of ASD. The CoSoS consists of 14 Yes-No items and was developed as a primary
screening instrument to identify children at risk of ASD in the general population at 14 months.
The questionnaire covers the domains of pretend play, joint attention, interest in others,
eye contact, verbal and non-verbal communication, stereotypies, preoccupations, reaction
to sensory stimuli, emotional reaction, and social interaction. Screen positive is defined as
negative findings on 3 or more of the 14 items (Buitelaar et al., 2009).
In the current study, four items of the CoSoS were used as prescreening instrument
during routine developmental surveillance at well-baby clinics (Swinkels et al., 2006). The
complete 14-item CoSoS was used to assess children considered at risk on the basis of the
4-item prescreen (score ≥1) or when concerns were raised about the social development
of the child during developmental routine surveillance.
SCQ
The Social Communication Questionnaire (SCQ) is designed as a second-level screening
instrument to be filled in by the parents of children aged 4 years and older (Berument et
al., 1999; Rutter, Bailey, & Lord, 2003). All children in the current study were older than 6
years at follow-up, and therefore the original cut-off score for ASD of 15 was used.
CBCL/TRF
The Achenbach System of Empirically Based Assessment (ASEBA), which includes the
Child Behavior Checklist (CBCL) and the Teacher Report Form (TRF), is widely used by
clinicians to screen for and assess the reported presence of psychiatric symptoms
(Achenbach & Edelbrock, 2009; Achenbach & Rescorla, 2001). The Dutch versions of the
CBCL and TRF for school-age children were used. Raw and T-scores were calculated for all
symptom domains and for the Internalizing, Externalizing, and Total scale.

Statistical Analysis
We investigated whether double-screen positive and single-screen positive children at 14
months differed from each other in terms of ASD symptoms and other behavioral
problems 5 years later. First, to test the stability of ASD characteristics, an ANOVA was used
to compare the SCQ scores of double-screen positive and single-screen positive children
and correlations were calculated between CoSoS scores and SCQ scores. The proportion of
children in each group scoring within the clinical range (T>63) for ASD traits on the SCQ
was compared using Pearson Chi2 test (or Fisher’s Exact Test when the expected cell count
was less than 5). Further, raw SCQ scores for each group were compared with those of an
age-matched population sample consisting of 5373 children (Roeyers et al, in preparation).
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Second, in order to test whether early high-risk ASD status was associated with the
later development of non-ASD problems, differences between the scores on the CBCL/
TRF behavioral scales of the two groups were tested with multivariate analyses of variance
(MANOVAs). Further, we compared ratings on the CBCL and TRF to norm scores (Achenbach
& Rescorla, 2001). For these two analyses, raw scores were used to take into account the
complete distribution of scores, because, when using T-scores, low scores are truncated at
T= 50. Also, the proportion of children in each risk group that scored in the clinical range
of the CBCL and TRF was compared.
In addition, the proportion of children that screened positive on the SCQ and the
total scores on the CBCL and TRF were calculated for the double-screen positive children
who were diagnosed with ASD, intellectual disability, other psychiatric disorders, or no
psychiatric disorders.

Results
Prediction of later ASD symptoms
The parent and teacher reported scores on the SCQ are given in Table 5.1. There was a
significant small correlation between the CoSoS score at 14 months and parent- and
teacher-reported SCQ scores 5 years later (Parent: r2= .37; Teacher: r2= .34, both p<.01).
The parents of double-screen positive children reported significantly more social
communication problems on the SCQ than did the parents of single-screen positive
children (M= 10.91 (6.67) versus M= 4.94 (3.93), p<.001). This was also the case for the SCQ
scores rated by the teachers, where double-screen positive children (M= 12.24, sd= 6.85)
had higher scores on the SCQ than single-screen positive children (M= 7.86, sd= 4.21,
p<.01). Further, relatively more double-screen positive children than single-screen positive
children had a positive SCQ screen (Parents 27.5%; Teachers 33.3% versus Parents 2.3%;
Teachers: 6.9%, respectively) (Parent Chi2= 32.48, p<.01; Teacher Chi2= 17.99, p<.01). See
Table 5.1. Results showed that parent and teacher SCQ ratings of both the Single- and
Double-screen positive groups were significantly different from SCQ norm scores for a
population sample (p<.02). Nearly all group scores on the SCQ were higher than the norm
scores, but the SCQ scores of the parents of single-screen positive children were lower
than the norm scores (see Figure 5.2).
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Teacher

132

Aggressive Behavior

4.83 (3.68)

132

132

Attention Problems

Rule-breaking Behavior

2.81 (3.05)

132

Thought Problems

1.89 (2.46)

6.57 (6.49)

1.88 (2.27)

3.17 (3.05)

132

132

Somatic Complaints

2.14 (2.51)

Social Problems

132

Withdrawn/Depressed

4.27 (4.28)

31.77 (23.74)

132

132

Total

132

Externalizing

Anxious/Depressed

8.45 (8.14)

132

8.31 (7.09)

7.86 (4.21)

4.94 (3.93)

Mean (SD)

Internalizing

CBCL

133

Parents

SCQ

N

Single-screen positive

4.98 (4.32)
3.42 (3.25)

109

7.72 (4.40)
2.64 (2.33)
8.84 (6.69)

109
109
109

4.30 (4.53)

45.33 (26.78)

109
109

109

11.49 (8.39)

109

2.06 (2.53)

10.46 (8.02)

109

5.50 (4.13)

12.24 (6.85)

72

109

10.91 (6.76)

109

109

Mean (SD)

N

Double-screen positive

s<d

s<d

s<d

s<d

s<d

s<d

s<d

s<d

s<d

s<d

s<d

Sign *
(p<.05)

9.8

3.8

3.8

11.4

3.8

6.8

9.8

10.6

22.7

18.9

25.0

6.9

2.3

14.7

9.2

20.2

24.8

16.5

7.3

23.9

12.8

42.2

30.3

38.5

33.3

27.5

Double-screen
positive

% Clinical range

Single-screen
positive

s<d

s<d

s<d

s<d

s<d

s<d

s<d

s<d

s<d

Sign **
(p<.05)

Table 5.1 Raw Social Communication Questionnaire (SCQ), Child Behavior Checklist (CBCL) and the Teacher Report Form (TRF) scores
and proportion of children with scores in the clinical range by screen group
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91

92
23.17 (22.82)
3.85 (4.25)

87

Total

87

87

Rule-breaking Behavior

Aggressive Behavior

4.13 (6.36)

1.11 (1.79)

8.40 (8.55)

0.87 (1.85)

70

69

70

70

70

69

70

70

70

70

70

N

6.14 (7.69)

1.59 (2.13)

16.49 (11.01)

2.07 (2.41)

3.77 (3.26)

0.49 (0.90)

3.10 (2.99)

3.84 (3.09)

38.77 (25.39)

7.71 (9.31)

7.43 (5.31)

Mean (SD)

Double-screen positive

s<d

s<d

s<d

s<d

s<d

s<d

Sign *
(p<.05)

4.6

0.0

0.0

3.4

5.7

0.0

3.4

5.7

12.6

6.9

16.1

6.9

1.4

5.6

12.5

11.1

0.0

5.6

2.8

18.6

21.4

21.4

Double-screen
positive

% Clinical range

Single-screen
positive

s<d

s<d

s<d

Sign **
(p<.05)

*: Significant differences (p<.05) in raw mean scores of the SCQ, CBCL and TRF between the Single-Screen Positive and Double-Screen Positive Group (d).
**: Significant difference (p<.05) of the percentage children with scores in the clinical range of the SCQ, CBCL and TRF between the Single- (s) and Double-screen positive
group (d)
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Attention Problems

2.00 (2.67)

87

87

Social Problems

Thought Problems

0.28 (0.75)

86

Somatic Complaints

1.89 (2.55)

87

87

Anxious/Depressed

Withdrawn/Depressed

5.24 (7.83)

87

87

6.01 (6.49)

Mean (SD)

Internalizing

N

Single-screen positive

Externalizing

TRF

Table 5.1 Continued
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16,00

*

SCQ Total score

14,00
12,00

*

*

*

10,00
8,00
6,00
4,00

*

2,00
0,00

Girls

Parents

Single-screen positive

Boys

Girls

Boys
Teacher

Double-screen positive

Norm scores

Figure 5.2 Raw Social Communicative Questionnaire (SCQ) scores (Parent And Teacher) for
Boys and Girls in the Single- and Double-screen positive groups compared to norm scores.
*: Significant difference (p<.05) between group score (single-/ double-screen positive) and SCQ norm score.

Prediction of later development of non-ASD problems
The descriptive statistics of the CBCL and TRF domains are also listed in Table 5.1.
Double-screen positive children showed more internalizing and externalizing behavioral
problems than did single-screen positive children. Although the high-risk groups did not
differ on the TRF Internalizing and Externalizing behavioral scales, they did differ on nearly
all the separate behavioral scales, with the double-screen positive children scoring higher
than the single-screen positive children.
Significantly more children in the Double-screen positive group than in the
Single-screen positive group had scores in the clinical range for the CBCL Total Score,
Externalizing and Internalizing scales, and the domains Withdrawn/Depressed, Social
Problems, Thought Problems, and Attention Problems 5 years after the initial screening
(See Table 5.1). On the TRF, more double-screen positive children than single-screen
positive children had scores in the clinical range on the Externalizing Scale and domains
Thought Problems and Attention Problems. So, parents of double-screen positive children
reported more clinical levels of behavioral problems in the emotional, social, and cognitive
domains than did the parents of single-screen positive children. This was also the case for
the teacher ratings, but only for cognitive related problem behavior.
Compared to the norm scores of the CBCL and TRF, the double-screen positive
children also had higher scores on every symptom domain rated by the parents and
teachers. Single-screen positive girls had somewhat higher parented-rated scores on the
Internalizing Scale, Anxious/Depressed, Withdrawn/Depressed, Somatic Compliant, and
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Thought Problems than the CBCL norm scores. Single-screen positive boys had more
parent-reported problem behavior on nearly each symptom domain (See Figure 5.3).
The teachers of the single-screen positive children rated only significant problems on the
Internalizing Scale (girls), Anxious/Depressed domain (boys and girls), Social Problems
(boys), Thought Problems (boys) and Aggressive Behavior (boys) (See Figure 5.4).

CBCL Raw Score

50,0

*

45,0
*
40,0
35,0
*
*
30,0
25,0
20,0
15,0
*
* *
*
10,0
*
*
* *
*
*
*
*
*
*
**
5,0 * *
**
*
*
*
** * *
** ** *
0,0
AD WD SC SP TP AP RBB AB INT EXT TOT AD WD SC SP TP AP RBB AB INT EXT TOT
Girls

Single-screen positive

Boys

Double-screen positive

Raw norm scores

Figure 5.3 Raw Child Behavior Checklist (CBCL) Scores of Boys and Girls in the Singleand Double-screen positive Groups Compared to Norm Scores.
AD: Anxious/Depressed; WD: Withdrawn/Depressed; SC: Somatic Complaints; SP: Social Problems; TP: Thought
Problems; AP: Attention Problems; RBB: Rule-breaking Behavior;
AB: Aggressive Behavior; INT: Internalizing; EXT: Externalizing; TOT: Total; *: Significant difference between group
score (single-/ double-screen positive) and Raw norm score

Table 5.2 shows the SCQ and clinical total scores on the CBCL and TRF of the double-screen
positive children who were diagnosed with ASD, intellectual disability, other psychiatric
disorders, or no psychiatric disorders. The children subsequently diagnosed with ASD
were mainly children with clinical scores on the SCQ, while the children with intellectual
disability (without ASD) were mainly those children with clinical scores on the CBCL/TRF.
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45,0

*

TRF Raw Score

40,0

*

35,0
30,0
25,0
20,0

*

*

15,0
10,0
5,0 *

*
*

*

*

*

**

*

*

0,0

*

*

**

*

*
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AD WD SC SP TP AP RBB AB INT EXT TOT AD WD SC SP TP AP RBB AB INT EXT TOT
Girls
Boys
Single-screen positive

Double-screen positive

Raw norm scores

Figure 5.4 Raw Teacher Report Form (TRF) scores of Boys and Girls from the Singleand Double-screen positive groups compared to norm scores.
AD: Anxious/Depressed; WD: Withdrawn/Depressed; SC: Somatic Complaints; SP: Social Problems; TP: Thought
Problems; AP: Attention Problems; RBB: Rule-breaking Behavior;
AB: Aggressive Behavior; INT: Internalizing; EXT: Externalizing; TOT: Total; *: Significant difference between group
score (single-/ double-screen positive) and Raw norm score

Table 5.2 Clinical scores at follow up on the Social Communication Questionnaire
(SCQ), Child Behavior Checklist (CBCL) and the Teacher Report Form (TRF) of high-risk
children who were diagnosed with Autism Spectrum Disorders (ASD), Intellectual
Disability (ID) without ASD, another psychiatric disorder, or no psychiatric disorder.
SCQ parents

SCQ teachers

% screen positive

CBCL

5

TRF

% clinical total score

ASD

44.7%

61.5%

44.7%

28.0%

ID without ASD

37.5%

40.0%

50.0%

60.0%

Other psychiatric disorder

25.9%

15.0%

44.4%

5.3%

No psychiatric disorder

12.5%

18.2%

31.2%

18.2%
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Discussion
The aim of this study was to examine the behavioral and developmental outcomes at 7
years of age of 382 population-based derived infants that screened positive for ASD on
one (well-baby clinic screen; Single-screen positive) or two (well-baby clinic screen and
CoSoS; Double-screen positive) occasions. Results showed that the CoSoS total score at a
very young age was related to the level of ASD traits 5 years later. Double-screen positive
children had higher scores for ASD traits and differed significantly from the single-screen
positive children 5 years later; the latter showed fewer ASD traits than the norm level,
based on parent-report information. Teachers also reported higher SCQ scores in the
Single-screen positive group. The double-screen positive children showed the most
problem behavior, as reported by parents and teachers, with higher scores and a higher
proportion of children in the clinical range on the CBCL and TRF than single-screen positive
children. However, single-screen positive children also showed significant problem behaviors,
as rated by parents and teachers. Thus children as young as 14 months who were
considered at risk for social developmental problems, based on a short prescreening test
or clinical view of the physician at well-baby clinics, still had a higher risk of ASD and
broader behavioral problems 5 years later than did children not considered at risk.
As described above, the double-screen positive children showed significantly more
ASD behavior at school age than did the single-screen positive children. About 30% of the
double-screen positive children still scored above the clinical threshold for ASD traits 5
years after screening for ASD compared with 2.3-6.9% of the single-screen positive
children. The proportion of single-screen positive children who were considered to be at
risk was comparable to a SCQ population sample (Raymaekers and Roeyers, 2004), in
which 2.7% of the children scored above the cut-off level for ASD. In contrast, the
proportion of the double-screen positive children who were considered at risk was several
times higher than the proportion that tested positive in the SCQ population sample
(±30% vs 2.7%), suggesting that these children could still be considered at risk of
developing ASD years later. This proportion of children considered at risk was lower than
that reported in earlier longitudinal studies of the stability of ASD diagnosis, where
approximately 20% went ‘‘off the spectrum’’, which means that 80% remained within the
spectrum (Towle et al., 2014; Woolfenden et al., 2012). This difference between 30% in the
current study and 80% in earlier longitudinal studies could be explained by the starting
point of the earlier studies, in which full-blown ASD diagnoses were used compared with
the ASD questionnaire screening outcomes used in the current study. An ASD diagnosis
usually is made based on information from multiple sources of information, of which
questionnaires could be one. It is plausible that this gives a more complete picture and
thus possibly a more stable picture of the child than the result of one questionnaire. Of the
children initially diagnosed with ASD (within the Double-screen positive group), 44.7%
were SCQ screen-positive based on parent report at school age and 61.5% based on
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teacher report. Of the double-screen positive children who were psychiatrically evaluated
and turned out to have no psychiatric diagnoses or intellectual disability, 12.5% were SCQ
screen-positive based on parent report at school age and 18.2% based on teacher report
(see Table 5.2). Further, the diagnostic stability of ASD is lower for children with milder
early diagnoses/traits and children who younger than 24 months of age when first
diagnosed (Helt et al., 2008; Kleinman, Ventola, et al., 2008; Rondeau et al., 2011). These two
factors could explain the somewhat lower proportion of children whose scores remained
within the clinical range in this current study (compared to the 80% in earlier longitudinal
studies) especially in the Double-screen positive group without a later clinical diagnosis
and the Single-screen positive group after 5 years. It is also possible that the some of the
children with early ASD traits later developed comorbid or other ASD related behavioral
problems.
With regard to broader (non-ASD) behavioral problems, our findings showed that
nearly half of the double-screen positive children and approximately a quarter of the
single-screen positive children had clinical scores on the CBCL (total score). For the TRF
total score, these percentages were somewhat lower, with no difference for the total score
between the Single-screen positive (12.6%) and Double-screen positive (18.6%) groups.
Further, both groups of children showed more problem behavior than a normative
sample, with the double-screen positive children showing the most problem behavior, as
reported by parents and teachers. The finding that children considered to be at high risk
of developing ASD at one or more points in their life also showed other behavioral
problems can be explained by presence of comorbid conditions such as ADHD or anxiety
disorders or other non-ASD developmental disorders. In an earlier study involving the
same population sample as in this study, the group of children with false-positive results
(screened positive on the CoSoS, but no ASD diagnosis) had related disorders, such as
language disorder and intellectual and developmental disabilities (Swinkels et al., 2006).
Other studies also have reported that a large proportion of children who went ‘‘off the
spectrum’’ in their school years after been diagnosed with ASD at an early age retained
not only language and learning problems, but also problems in social and behavioral
functioning, with ADHD symptoms in particular (Helt et al., 2008; Kelley, Paul, Fein, &
Naigles, 2006; Towle et al., 2014). With respect to the research question of this study, the
findings for the Single-screen positive group are of great interest. According to their
parents, both boys and girls in this group showed problem behavior above norm levels,
with girls specifically showing internalizing emotional problems. Teachers reported
somewhat lower levels of these behaviors than did parents, but still significant problems
on the Internalizing Scale (girls), Anxious/Depressed domain (boys and girls), Social
Problems (boys), Thought Problems (boys), and Aggressive Behavior (boys).
Of note, in high-risk infants, the teachers reported more ASD behavior, which was
higher than norm levels, than did the parents (p<.001). The parents of double-screen
positive children reported clinical levels of ASD behavior significantly more often, while
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the parents of single-screen positive children reported levels that were below norm levels.
A possible explanation could be that the deviant behavior detected at 1 year was not
considered ASD related during the home visit, so parents were possibly more reluctant to
interpret the behavior of the child as being due to ASD. Beside the emotional involvement
with the child and its history, the differences in the ratings of parents and teachers may be
attributed to the context of the observations. At school there is more interaction with
peers in larger groups on a daily basis and teachers have more reference material,
so shortcomings in this area can be observed more easily. Moreover, ASD has been
associated with impairments in various neuropsychological and cognitive functions
(Leung, Vogan, Powell, Anagnostou, & Taylor, 2016) that are specifically challenged in a
school setting, where larger demands are made on skills needing these executive
functions. Lastly, in a more challenging environment such as at school, where the child is
pushed to its limits in terms of skills and competencies, the child at risk of developing ASD
and other developmental problems will likely show more deviant behavior (internalizing
and externalizing).

Strengths and limitations
In this study, we chose to use the most recent information from the school-age of the
children rather than available diagnostic information as outcome measure for two main
reasons. First, diagnostic information was not available beyond preschool age. For
example, all children who screened positive on the ASD screen (CoSoS) during the home
visit were considered to be at high risk of developing ASD and received an extensive
diagnostic examination at the Department of Child Psychiatry at a mean age of 28.0
months and with minimally 1 year before they were re-examined at a mean age of 45.4
months. However, some behavioral problems associated with ASD or non-ASD traits do
not become visible until later, when a greater demand is placed on certain social and
learning skills (Autism and Developmental Disabilities Monitoring Network Surveillance
Year 2010 Principal Investigators & Centers for Disease Control and Prevention (CDC), 2014;
Daniels & Mandell, 2014). For this reason, the Centers for Disease Control (CDC) targets
8-year-old children for their epidemiological studies. This makes it important to use
multiple sources of information from different and later developmental phases when
testing the stability of ASD and non ASD traits. A second reason is that if we had only
looked at the diagnostic information, we would have missed valuable information from
the single-screen positive children who were not diagnostically examined at the
Department of Child Psychiatry. We wanted to assess how these children developed in
general and in comparison with the double-screen positive group.
A difference was found within the group of children considered to be at risk for ASD for
the 14-15 month old Pre-Screen group versus the group of Free Referrals (see supplement).
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The latter group of children had a higher percentage screen positives on the CoSoS (home
visit) and the SCQ five years later at follow up. In this study both groups are not split,
because the focus was on early signs of social communicative delays and problems and
those can be detected in different ways, like a systematic screening or parental worries.
Parent or caregiver concerns might be a more reliable signal of potential problems than
the results of a single screening. Children who were referred because of parental/caregiver
concerns (Free Referrals) were more severely affected than were children who screened
positive at the systematic prescreen . So, if we did not screen actively, apparently only very
serious cases would be referred for further ASD screening and follow-up. In other words,
serious cases will be detected at some stage, whereas somewhat milder (but nonetheless
high risk) cases will go undetected for longer.
Although we followed up the single-screen positive children, we have not yet
investigated the development of the children that screened negative at the prescreen.
This needs data for all the children screened at well-baby clinics (N=31,724) and who were
subsequently diagnosed in the following years by health care facilities as having ASD,
other psychiatric diagnoses, or other development issues. Unfortunately, these data are
not available yet in the Netherlands.
The results of this longitudinal study show that early signs of social communication
problems must be taken very seriously. Children who screen positive once, at a well-baby
screening, should not be excluded from further follow-up and surveillance, because a
significant number of these children show behavioral problems later in life. The use of an
ASD screening instrument in infancy is effective for identifying children who will develop
ASD traits and other behavioral problems later in life.

5
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Supplementary Material
Supplementary Table Proportion of children with scores in the clinical range for
the Communicative and Social developmental Signs (CoSoS), Social Communication
Questionnaire (SCQ), Child Behavior Checklist (CBCL) and the Teacher Report Form
(TRF) by screen group (Prescreen or Free referral)
Prescreen

Free referral

% Clinical range
Level 2
CoSoS
Follow-up
SCQ
Parents
Teacher
CBCL
Internalizing
Externalizing
Total
Anxious/Depressed
Withdrawn/Depressed
Somatic Complaints
Social Problems
Thought Problems
Attention Problems
Rule-breaking Behavior
Aggressive Behavior
TRF
Internalizing
Externalizing
Total
Anxious/Depressed
Withdrawn/Depressed
Somatic Complaints
Social Problems
Thought Problems
Attention Problems
Rule-breaking Behavior
Aggressive Behavior

Sign **
(p<.05)

39.2

68.5

p<fr

10.2
10.0

21.1
38.8

p<fr
p<fr

26.2
23.2
28.7
11.0
12.8
9.1
7.3
14.6
10.4
3.7
12.8

41.6
26.0
37.7
13.0
23.4
2.6
14.3
23.4
13.0
11.7
10.4

p<fr

15.5
9.1
10.0
4.5
2.7
0.0
6.4
6.4
0.9
0.9
3.6

25.5
23.4
27.7
4.1
8.2
0.0
12.2
10.2
6.1
0.0
10.2

p<fr

p<fr

p<fr
p<fr

*: Significant difference (p<.05) in the proportion of children with scores in the clinical range for the CoSoS
(level 2) SCQ, CBCL and TRF (Follow-up) between the prescreen (p) and free referral group (fr).
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Conclusion
The prescreen and free referral groups differed most on the proportion of children
screening positive on the CoSoS (39.2 vs 68.5%). The CoSoS was used as an ASD screening
instrument approximately 1 month after children were screened at well-baby clinics
(prescreen) or had been referred because of parental/clinical concerns (free referrals).
At the 5-year follow-up, the SCQ scores (parent and teacher report) of the two groups
were different, with the free referral children scoring more often above cut-off (clinical
range). With respect to other behavioral problems, more children in free referral group
than in the prescreen group had scores in the clinical range on the Internalizing scale and
the Withdrawn/Depressed and Rule-breaking-behavior subscales. On the TRF, the only
difference was on the Externalizing scale and the Total problem behavior Scale.

5
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This thesis aims to gain new insights into autism spectrum disorder (ASD) in infancy, the
early recognition and screening thereof in the general population and the development
of ASD and related symptoms over time in these children. Although a great deal of
research has been done on the recognition and clinical presentation of ASD in high risk
populations (such as those with high familial risk because of an older proband with ASD),
comparatively much less studies are performed on ASD symptom development and the
ability to detect children at risk of ASD early in the general population. This thesis has
looked into these issues with three different population samples. Chapter 2 is based on a
group of 23 typically developing infants between 8 and 24 months of age selected from
the general population in the Netherlands. Chapters 3 and 4 are based on data from the
Norwegian Mother and Child Cohort Study conducted by the Norwegian Institute of
Public Health and consisted of 11,332 18-month-old children. Chapter 5 is based on a
sample of children (N= 382) with a positive autism screen in an unselected population of
31,724 children in the Netherlands.
In this chapter I will first summarize the studies presented in the chapters with the
main findings summarized in Table 6.1. Next, I will discuss the findings in light of overarching
themes addressed in this thesis and make some suggestions for further research.
Chapter 2 describes a fine grained longitudinal study in which joint attention and
language development were monthly assessed between 8 and 24 months of age in a
sample of 23 typically developing children. Aims of this study were to establish the
developmental trajectory of specific joint attention skills, to investigate the developmental
interrelations of these different joint attention skills with vocabulary size, and to examine
whether the order of development of following and directing attention influences the
development of other early communication skills such as language. Results showed that
all joint attention skills typically emerged between 8 and 15 months of age. The order of
development found in this study was that responsive joint attention skills tend to emerge
before initiative joint attention. With respect to the developmental interrelation of joint
attention skills with vocabulary size, results showed that early joint attention skills
influenced later language development, but not the other way around. More specifically,
following attention positively influenced later receptive language, and directing attention
positively influenced receptive and expressive language. Children in whom directing
attention with gaze alternation developed early (in age or order) showed a relatively larger
early vocabulary growth between the ages of 10 and 18 months. This head start in
vocabulary growth earlier in life could possibly positively influence other domains of
development, such as cognition and social skills. A fine grained mapping of the normal
development of early communication skills, as described in this chapter, will facilitate the
early detection of abnormalities in these skills, that often found in children with ASD.
To get more insight into normal patterns of behavior linked to ASD it is also relevant
to know how these behaviors cluster together in the normal population. In chapter 3 I
examined whether symptoms of ASD in young children in the population fit the one-

105

6

Chapter 6 | Summary and general discussion

two- or three-factor structure of ASD, and how they cluster together in individual subjects.
This study analyzed questionnaire data on ASD symptoms filled in by mothers of 11,332
18-month-old children that was collected in the context of the Norwegian Mother and
Child Cohort Study conducted by the Norwegian Institute of Public Health. Confirmatory
Factor Analyses showed that the three-factor model (Social Interaction; Communication;
Stereotyped and Rigid Patterns of Behavior) had a significantly better fit than the
one-factor model of ASD symptoms and a comparable fit with the two-factor model
(Social interaction and communication; Stereotyped and Rigid Patterns of Behavior).
Latent class analysis revealed four homogeneous groups of children (classes) with different
scores for Social Interaction and Communication at one hand and Stereotypies/Rigidity/
Sensory abnormalities at the other hand. Class 1 (0.6 % of sample) had the highest scores
for both Social Interaction and Communication, but moderately high scores for
Stereotyped and Rigid Patterns of Behavior which suggest a similarity with high-risk or
even clinical ASD children. This idea is supported by the finding that a high proportion of
the children in this class were referred to educational services and child habilitation units.
The second class (15.8 % of sample) had intermediate scores for both Social Interaction
and Communication and low scores for Stereotyped and Rigid Patterns of Behavior and
slightly more referred to specialized services than the reference group. One may
hypothesize that some of these children from class 2 might later present with the broad
ASD phenotype, or be diagnosed with milder forms of ASD, language disorders, or mental
retardation. Class 3 (10.7 % of sample) had normal, i.e. baseline level, scores for Social
Interaction as well as Communication, but very high scores for Stereotyped and Rigid
Patterns of Behavior. The behavior of these children was apparently not perceived by the
parents or kindergarten as warranting referral to specialized services. The fourth and last
class (72.9 % of sample) had low scores for all three symptom domains and was considered
the reference group with typically developing children. This population-based study
showed that ASD symptoms cluster together in the three domains with social interaction
and communication closely linked, and can be retrieved in our latent classes with subjects
with a similar profile of ASD symptoms. It is of interest to know how many children show
certain ASD related behavior in the general population to establish the point at which this
behavior is considered abnormal .
In Chapter 4 I further explored the proportions of children in this Norwegian cohort
study that screened positive on the Communicative and Social developmental Signs
(CoSoS; Previously called Early Screening of Autistic Traits Questionnaire: ESAT) or The
Modified Checklist for Autism in Toddlers (M-CHAT). In addition I investigated if screening
positive on the CoSoS and M-CHAT is associated with clinical referral by 18 months and
other aspects of children’s development, health, and behavior. The M-CHAT and the
CoSoS were designed to screen for autism spectrum disorders in very young children. In
this study, the mothers of 12,948 18-month-old children returned a questionnaire
consisting of items from the CoSoS and M-CHAT, plus questions about clinical and

106

developmental characteristics. The M-CHAT identified more screen-positive children than
the CoSoS, but the CoSoS was associated with more clinical referrals and tended to identify
more children with medical, language, and behavioral problems. In other words, the
CoSoS seems to be more discriminatory between screen-negative and screen-positive (in
other characteristics). A post hoc analysis of combining the two instruments found this to
be more effective than the individual instruments alone in identifying children referred to
clinical services at 18 months. Further analysis at the level of single items is warranted to
improve these screening instruments.
In chapter 5 I looked at the behavioral and developmental outcomes of children from
the general population at school age who showed early signs of social communication
problems (14 months). These early signs of social communication problems were based
on a short prescreening at 14 months or referral because of parental/ clinical concerns
(mean age 27 months) and subsequent screening with an ASD questionnaire in infancy.
Five years later, parents and teachers completed the Social Communication Questionnaire
(SCQ), Child Behavior Checklist (CBCL), and Teacher Report Form (TRF). Results showed
that the use of an ASD screening instrument in infancy is effective for identifying children
who will develop ASD traits and other behavioral problems later in life. Early signs of social
communication problems were predictive of an increased risk of ASD and other behavioral
problems 5 years later, even in infants that screened positive on one occasion only (when
about 14 months old). These children should not be excluded from further follow-up and
surveillance, because a significant number of these children show behavioral problems
later in life.

How does this thesis contribute to the knowledge
about early screening of ASD?
This thesis shows us the importance of insight into the variation of typical development of
social communicative skills, when screening for atypical development related to ASD at a
very young age. I found that worries about the social communicative development or
screening positive for ASD at a very young age are strongly related to broader
developmental challenges at the time of the screening (Chapter 4) and still many years
later (Chapter 5). I studied the behavioral outcome at school age of the children picked up
at a well-baby screening, but screened negative on the specific ASD screening (chapter 5).
This showed that early signs of social communication problems, even when presented on
one occasion only, must be taken very seriously. Children who screen positive once, at a
well-baby screening, should not be excluded from further follow-up and surveillance later
in life, because a significant number of these children show behavioral problems later in
life. Also first concerns of parents are highly predictive for later developmental problems.
Even parents who at first glance appeared to be inaccurately or overly concerned were
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Table 6.1 Summary of main findings.
Main Findings

Chapter

• The first two years of life represents a crucially important period for the
development of early communication skills, in which responsive joint attention
skills tend to emerge before initiative joint attention.

2

• All joint attention skills in typically developing children typically emerged
between 8 and 15 months of age.

2

• The most common order of emergence was checking behavior → directing
attention → sharing attention → following attention → directing attention with
gaze alternation → following attention outside the visual field → referential
language.

2

• Joint attention skills influenced later language development, but not the other
way around. More specifically, following attention positively influenced later
receptive language, and directing attention positively influenced receptive and
expressive language.

2

• Children in whom directing attention with gaze alternation emerged early (in
age or order) showed a relatively larger increase in vocabulary size between
the ages of 10 and 18 months, and appear to have a head start in vocabulary
growth earlier in life, which could also positively influence other domains of
development, such as cognition and social skills.

2

• Among 18-month-old children the underlying structure of DSM-IV ASD
symptoms was found generalizable to the general population at very young age

3

• Confirmatory factor analysis showed that the three-factor model (Social
interaction and communication; Stereotyped and Rigid Patterns of Behavior)
had a significantly better fit than the two- and one-factor model of ASD
symptoms.

3

• Latent class analysis revealed four homogeneous groups of children (classes)
with different scores for Social Interaction and Communication at one hand
and Stereotypies/Rigidity at the other hand (ASD profile clinical; ASD profile
Subclinical; Atypical stereotyped; Typical). These groups could further be
differentiated by referral status, health problems and parental worries about the
child at 18 months.

3

• Screening with the CoSoS* in the general population at 18 months old
identified fewer children (% screen positives), but was more associated with
clinical referrals than the M-CHAT and tends to identify children with more
serious medical, language and behavioral problems. M-CHAT picks up more
children than the CoSoS, but with more mild and general developmental delays.

4

• Combining the CoSoS and MCHAT was more efficient to identify children
referred to clinical services at 18 months.

4
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Table 6.1 Continued.
Main Findings

Chapter

• Early signs of social communication problems must be taken very seriously.
Children who screen positive once, at a well-baby screening, should not
be excluded from further follow-up and surveillance later in life, because a
significant number of these children show behavioral problems later in life.

5

• The use of an ASD screening instrument in infancy is effective for identifying
children who will develop ASD traits and other behavioral problems later in life.

5

* CoSoS was previously called ESAT

actually highly accurate observers of subtle developmental differences (Glascoe, 1997).
Although there seem to be real differences in the phenotypic presentation at age 3 from
the early-diagnosed ASD cases and that the late diagnosed children with ASD, parental
worries and concerns at this age are equivalent in both groups (Ozonoff et al., 2018). The
point of view that early signs must be taken seriously is in line with the recommendation
based on a review study of ASD screening procedures that have been evaluated in
research studies across Europe (Garcia-Primo et al., 2014). In many of these screening
studies screened-negative cases are not followed up, which may have distorted screening
outcomes. Garcia-Primo et al. (2014) state that it is important to identify missed cases. This
may be done by longitudinal population studies which screen children from an early age
until an age at which ASD is likely to be detected or is, at least, likely to be detected with a
second measurement at a later age independent of their screening outcome (Garcia-Primo
et al., 2014; Kleinman, Robins, et al., 2008; Zwaigenbaum, Brian, & Ip, 2019). The main
rationale for active screening for signs and symptoms of autism at very early age is that
interventions may be more effective at very young than at later age. However, the claims
for interventions being much more promising and effective when started early than when
initiated later, are based on studies that did enroll children with significant clinical concerns
as identified by parents and/or health care professionals (Siu et al., 2016). There is no strong
evidence yet from randomized clinical trials that screening for general developmental
delay and/or delay of social-communication skills using standardized tools in children
with no pre-identified risks (no apparent signs of developmental delay and/or no parental/
professional concerns about development) improves outcomes (Canadian Task Force on
Preventive Health Care, 2016; Guthrie et al., 2019; Siu et al., 2016).
It is also important to design screening programs in such a way that they reduce false
positives and negative cases to avoid unnecessary costs and stress. This a major challenge,
especially for screening at a very early age since the false-negative rate might also be
higher at a young age due either to late onset of ASD or to the fact that about 30 % of
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children show regression after a period of typical development (Chawarska et al., 2007). It
is also plausible that milder variants of ASD, and children with a higher level of cognitive
development could be missed at a young age (Autism and Developmental Disabilities
Monitoring Network Surveillance Year 2010 Principal Investigators & Centers for Disease
Control and Prevention (CDC), 2014; Daniels & Mandell, 2014; Swinkels et al., 2006).
Increasing sensitivity (less false negatives) can be achieved by follow-up over time, but
also by using different screening tools in the screening process (Magan-Maganto et al.,
2017). As shown in Chapter 4, combining the CoSoS and MCHAT was more efficient to
identify children referred to clinical services at 18 months (increasing sensitivity).

Joint attention skills as precursor of ASD
Joint attention skills were found to be highly discriminative in screening instruments such
as the M-CHAT (Robins et al., 2001) and the CESDD (Dereu et al., 2010). Moreover, home
video studies found joint attention to be one of the most important early signs of ASD in
infants or toddlers (Maestro et al., 2001; Mars, Mauk, & Dowrick, 1998). Specifically the
combination of failing joint attention and pretend play at 18 months indicates risk of
developing ASD (Baird et al., 2000). Since screening procedures emphases more and more
on lowering the screening age it is important to confirm if certain skills within a normal
development should be emerged at that age to begin with. In Chapter 2 I found that all
joint attention skills in typically developing children emerged between 8 and 15 months
of age. This means that a delay in these skills beyond 15 months of age should be
considered as an important red flag for ASD, but when screening earlier cannot be
interpreted as such. Also, early developed (declarative) joint attention skills has been
found to be related to a vocabulary growth earlier in life, which could possibly positively
influence other domains of development, such as cognition and social skills. Joint attention
intervention programs show positive results on social initiations, positive affect, imitation,
play, and (later) language outcomes in children with ASD (Kasari, Gulsrud, Freeman,
Paparella, & Hellemann, 2012; Whalen, Schreibman, & Ingersoll, 2006)

Strengths and limitations
A major strength of the studies in this thesis are the large population based samples. It is
important to examine the specific ASD traits, potential fractionation of ASD domains,
outcome of ASD screening and developmental pathways in the general population, in
addition to diagnosed populations, for two reasons. First because the clinical diagnosis of
autism itself requires impairments in each of the two key areas, which makes the differentiation in atypical behavior possibly less in clinical samples. Second because clinical
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samples, particularly at young age, may be biased by missing cases that have not been
identified due to lack of clinical concerns. Studying the distribution of ASD symptoms in
the general population is justified further because ASD symptoms have been shown
being on a continuum from the normal population out to individuals on the autistic
spectrum (Constantino et al., 2003; Constantino et al., 2000).
A limitation of the studies in this thesis is that I don’t have any data on children who
seem to be developing as typical at the well-baby screening or first ASD screening at a
very young age. Following the development of initial typical developing children and
comparing these initial screen negative children with children who show atypical behavior
at a very young age would give us more information about how we should monitor the
development of children in a broader context. It also gives more information on the
sensitivity and specificity of screening procedures.

Clinical implications of screening and suggestions
for further research
The main gain of early screening of ASD and subsequently early diagnosis is that it gives
an opening to the possibility of treatment strategies (Estes, St John, & Dager, 2019). Starting
interventions at an earlier phase contributes to a long-term symptom reduction and
improve cognitive, adaptive and social functioning (Dawson et al., 2010; Eapen et al., 2013;
Pickles et al., 2016; Warren et al., 2011) as shown in studies who included children with
significant clinical concerns as identified by parents and/or health care professionals (Siu
et al., 2016). It may also reduce long term costs for education, (supported) work and
(sheltered) living for individuals with ASD (Peters-Scheffer et al., 2012).
The question is who should conduct the screening? In the majority of the studies in
this thesis parents are the main informants in combination with teacher reports (Chapter
5) which can be considered as a strength. Parents are often correct in their concerns about
their child’s development (Filipek et al., 1999) and detecting a developmental problem
(Glascoe, 1997). However, parents may not know exactly what skills to expect at a certain
age and are not always able to compare their child with peers (Dereu et al., 2010). In the
earlier CoSoS study (Swinkels et al., 2006), ASD experts evaluated children’s behavior more
negatively than did their parents, to the extent that 3 out of 18 children diagnosed with
ASD would have scored below threshold on the 14-item CoSoS if only parent rating had
been used. In the follow-up of this CoSoS study (Chapter 5 of this thesis) teachers reported
more ASD behavior (higher than norm levels), than parents did (p<.001). So, to bundle
both forces parental information should be combined with observations by a professional,
who has knowledge about typical child development and are able to compare the
behavior of the child to that of his/her peers. For infants, child care workers are of value
because they see the child’s behavior in a natural context on a regular basis and are
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educated in typical development (Dereu et al., 2010). E-Learning screening programs can
be a valuable addition in educating parents (and professionals for that matter) about
normal and atypical development and screening for a deviant development by showing
them videos of children of comparable age with specific healthy or aberrant behavior.
E-learning or digital screening procedures may possibly have a lower threshold and be
easier to access than going to a professional and discuss your worries. Unfortunately, at
the time of the studies in this thesis the screening procedures and administration of the
questionnaires was face-to-face and on paper.
However, aside from the clinical factors there is also the emotional factor of parents
of a very young child who has ASD symptoms, which should be considered when
screening. The screening of ASD symptoms in a child could be the starting point of an
adaptation process for the entire family. Besides the risk of stigmatization, are worries
about the child, the challenges of receiving a formal diagnosis and the lack of specialized
professional support important parental stressors (Bishop, Richler, Cain, & Lord, 2007;
Osborne, McHugh, Saunders, & Reed, 2008). Vice versa, high levels of parenting stress
counteracted the effectiveness of the early teaching interventions (Osborne et al., 2008).
This means that we not only have to focus on the actual screening, but always have to
think about the next step to follow-up in diagnosis and specialized treatment. Screening,
diagnostic evaluation and intervention seems to be a logical sequence of steps, but is
nowadays often stymied by long waiting lists for the last two.
Across the world health care associations have different points of view on whether to
implement population (universal) ASD screening, high-risk screening or surveillance
monitoring. The American Academy of Pediatrics (AAP) recommends that all children be
screened with an ASD-specific tool at age 18 and 24 months during well-child visits in
conjunction with ongoing developmental surveillance and broadband developmental
screening (Hyman, Levy, & Myers, 2019). This recommendation is based on the facts that
ASD is common, can be diagnosed as young as 18 months of age, and that evidenced-based interventions that may improve function. In contrary, the US Preventive
Services Task Force (USPSTF) recommendation on screening for ASD in young children
states that “the current evidence is insufficient to assess the balance of benefits and harms
of screening for ASD in young children aged 18 to 30 months for whom no concerns of
ASD have been raised by their parents or a clinician”. This conclusion is shared by the
Canadian Task Force on Preventive Healthcare (CTFPHC) who state that because
randomized clinical trials have not yet demonstrated that population-based screening
using standardized tools in children aged one to four years with no pre-identified risks
improves clinical outcomes, the evidence is insufficient to recommend routine screening
(Canadian Task Force on Preventive Health Care, 2016). However, some studies reported
benefits of each component (i.e. early screening, diagnosis or intervention), but none has
connected the entire process (Silverstein & Radesky, 2016). Instead of standardized routine
population screening, primary care providers and other health care workers should be
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familiar with early behavioral features of ASD and ask parents at every office visit whether
they have any developmental concerns (developmental surveillance). Zwaigenbaum and
colleagues (2019) made an effort to elaborate this recommendation to optimize early ASD
diagnosis and access to interventions. In their algorithm for developmental surveillance
and screening for ASD, a specific ASD screener only is administered in children who
present with signs, symptoms or parental concern that could indicate ASD related
behavior. Children screening positive should be referred for further diagnostic evaluation
and children who screen negative on this ASD screener, should be followed for intensified
ASD-focused surveillance (Zwaigenbaum et al., 2019).
In The Netherlands a similar guideline is implemented by the Dutch Youth Healthcare
Centre to signal in a very early developmental stage behavioral and developmental traits
that can be indicative of ASD (van Berckelaer-Onnes, Anzion, Sinnema, & van de Glind,
2015). The Dutch guideline is, like the algorithm of Zwaigenbaum et al., (2019), based on
developmental surveillance and targeted ASD screening (with the CoSoS) if there are
worries related to ASD or if the child is at high risk for ASD. In the Netherlands, the transfer
from the regularly well baby visits (0-4 years) to the youth doctor at school is arranged.
However, the contact moments with the youth doctor have a very low frequency (at 5, 9
and 14 years of age), as a result of which developmental surveillance is stagnating. Apart
from the teacher at school, after 4 years of age there no longer is a structural professional
with specific knowledge of ASD characteristics at a certain age, who can closely monitor
the development of the child on a regularly basis. Training teaching staff to recognize
features of ASD in the school setting is therefore highly recommended.
To listen carefully to parents’ or teachers’ concerns, we must acknowledge the false
dichotomy between screening and surveillance in this context. Developmental
surveillance has been defined as a flexible, continuous process whereby knowledgeable
professionals collect relevant information from multiple sources (including parent report
and direct observation) toward the goal of identifying and addressing developmental
concerns. In that light it could be very useful to use the best available measurement tools
to identify developmental concerns (Zwaigenbaum & Maguire, 2019). In the Dutch
guideline developmental surveillance is supported by the ‘Van Wiechenschema’ in which
the Youth healthcare professional can monitor which skills the child has already developed
(Laurent de Angulo et al., 2005). In this Van Wiechenschema 8 red flag signals for ASD are
included (Dietz, 2007), but must be used as a referential frame rather than screenings
instrument (Laurent de Angulo et al., 2005).
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Conclusion
This thesis provides insight into the extent to which ASD screening tools can help with this
developmental screening and how the developmental pathways are for children who
show developmental concerns or deviant behavior at a very young age. With clinical
implications in mind, it can be stated that standardized routine population screening for
ASD should not be an exclusive starting point, but concerns about the development of
the child in a broader sense by both parents and professionals are. In Chapter 5, the free
referrals based on concerns of parents or professionals show high levels of ASD behavior,
but also children screened positive on a short pre-screen showed elevated behavioral
problems later in life. However, children who stay under the radar at a very young age, and
later in life get an ASD diagnosis, exhibit atypical characteristics (language, motor, behavior,
cognitive). Therefore, an effort must be made to enlarge the knowledge about early
characteristics of ASD in order to give parents, medical professionals and child care
workers more context about a deviant development, in this case focused on ASD.
From a research perspective, the fact that there is not yet sufficient evidence to
screen for ASD at population level merely indicates the need for this. Logically thought,
early screening should lead to early diagnosis and early intervention, which can lead to a
decrease in symptoms in the longer term, an improvement in cognitive, adaptive and
social functioning and a decrease in social costs (Dawson et al., 2010; Eapen et al., 2013;
Peters-Scheffer et al., 2012; Pickles et al., 2016; Warren et al., 2011). It has been proven that
screening at population level ultimately yields more diagnoses at a young age (Yuen,
Carter, Szatmari, & Ungar, 2018). However, there is also a great deal to be done in making
good treatment available, both geographically and certainly also in terms of waiting time
(Yuen et al., 2018). The integration and coordination of screening followed by diagnostics
and treatment are essential. Research into the effect of integrating these three components
may be even more valuable.
So research on population screening is useful if integrated with follow-up by diagnostic
and treatment to get insight into developmental pathways and the longterm benefits of
early screening. In the clinical field, health care professionals and teaching staff should
have more knowledge about (early) ASD traits to improve developmental surveillance
focused on signs, symptoms or support parental concern that could indicate ASD related
behavior. A specific ASD screener is administered in children with this ASD related
behavior. Children screening positive on this specific ASD screening instrument should be
referred for further diagnostic evaluation and children who screen negative on a ASD
screener, should be followed for intensified ASD-focused surveillance.
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Nederlandse samenvatting
Dit proefschrift beoogt nieuwe inzichten te verwerven in autismespectrumstoornissen
(ASS) bij kinderen, de vroege herkenning en screening daarvan in de algemene populatie
en de ontwikkeling van ASS en gerelateerde symptomen over de tijd bij deze kinderen.
Hoewel er veel onderzoek is gedaan naar de herkenning en klinische presentatie van ASS
bij populaties met een hoog risico (zoals kinderen met een hoog familiair risico vanwege
een oudere broer of zus met ASS), worden er relatief veel minder studies uitgevoerd naar
het beloop van ASS-symptomen en de mogelijkheid om kinderen met risico op ASS in de
algemene bevolking vroeg op te sporen. Dit proefschrift heeft deze kwesties onderzocht
met drie verschillende populatiesamples. Hieronder zal ik een samenvatting geven van de
empirische hoofdstukken in dit proefschrift.
Hoofdstuk 2 beschrijft een nauwkeurig longitudinaal onderzoek waarin gedeelde
aandacht (joint attention) en taalontwikkeling maandelijks werden beoordeeld tussen de
8 en 24 maanden in een steekproef van 23 typisch ontwikkelende kinderen. Gedeelde
aandacht is de vaardigheid om bepaalde sociale interacties aan te gaan zoals het delen,
volgen en richten van aandacht op een object of gebeurtenis door het gebruik van oogbewegingen en gebaren en het afstemmen hiervan op de andere persoon. Doelstellingen
van deze studie waren om het 1) ontwikkelingstraject van specifieke gedeelde aandachtsvaardigheden vast te stellen, 2) de ontwikkelingsrelaties van deze verschillende gedeelde
aandachtsvaardigheden met woordenschat te onderzoeken en 3) te onderzoeken of de
ontwikkelingsvolgorde van het volgen en sturen van aandacht de ontwikkeling beïnvloedt
van andere vroege communicatieve vaardigheden zoals taal. De resultaten toonden aan
dat alle gedeelde aandachtsvaardigheden binnen een normale ontwikkeling naar voren
kwamen tussen 8 en 15 maanden. De volgorde van ontwikkeling die in dit onderzoek werd
gevonden, was dat het volgen van aandacht (responsief gedeelde aandachtsvaardigheid),
meestal ontstaat vóór het sturen (richten) van andermans aandacht (initiëren van gedeelde
aandacht). Met betrekking tot de ontwikkelingsrelatie van gedeelde aandachtsvaardigheden met woordenschat, toonden de resultaten aan dat vroege gedeelde aandachtsvaardigheden de latere taalontwikkeling beïnvloedden, maar niet andersom. Meer specifiek,
het volgen van aandacht beïnvloedde de latere receptieve woordenschat (begrijpen
van taal) positief, en het richten van aandacht beïnvloedde positief de receptieve en
expressieve taal (spreken van taal). Kinderen bij wie de aandacht met alternerend (triadisch)
kijken vroeg ontwikkelde (in leeftijd of volgorde), vertoonden een relatief grotere groei van
de vroege woordenschat tussen de leeftijd van 10 en 18 maanden. Deze voorsprong in de
groei van woordenschat eerder in het leven zou mogelijk een positieve invloed kunnen
hebben op andere ontwikkelingsdomeinen, zoals cognitie en sociale vaardigheden. Het
nauwkeurig in kaart brengen van de normale ontwikkeling van vroege communicatieve
vaardigheden, zoals beschreven in dit hoofdstuk, zal de vroege detectie van afwijkingen
in deze vaardigheden, die vaak worden gevonden bij kinderen met ASS, vergemakkelij-
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ken. Bovendien is het stimuleren van gedeelde aandachtvaardigheden mogelijk een
veelbelovende ingang om vroeg een positief effect op de verdere ontwikkeling te kunnen
hebben.
Om meer inzicht te krijgen in normale gedragspatronen die verband houden met
ASS is het ook relevant om te weten hoe deze gedragingen in de normale populatie
samenkomen. In hoofdstuk 3 is onderzocht of symptomen van ASS bij jonge kinderen
in de populatie passen bij de één-, twee- of drie-factorenstructuur van ASS, en hoe ze
samen clusteren in individuele proefpersonen. De kenmerken van ASS zijn grofweg onder
te verdelen in 3 groepen: Sociale interactie, Communicatie en Stereotypen en rigide
gedragspatronen. Deze studie analyseerde vragenlijstgegevens over ASS-symptomen die
werden ingevuld door moeders van 11.332 kinderen van 18 maanden oud die werden
verzameld in het kader van de Norwegian Mother and Child Cohort Study van het
Norwegian Institute of Public Health. Confirmatory factor Analyses (CFA: analyse die
bevestigd of een vooraf bedachte structuur inderdaad past op de data) toonden aan dat
het drie-factorenmodel (Sociale interactie; Communicatie; Stereotypen en rigide gedragspatronen) significant beter paste dan het één-factorenmodel van ASS-symptomen en dat
het vergelijkbaar was met het twee-factorenmodel (Sociale interactie en communicatie;
Stereotypen en rigide gedragspatronen). Latent Class Analyses (LCA: maken van groepen
op basis van bepaalde kenmerken) bracht vier homogene groepen kinderen aan het licht
met verschillende scores voor sociale interactie en communicatie aan de ene kant en
stereotypen / rigiditeit / sensorische afwijkingen aan de andere kant. Groep 1 (0,6% van de
steekproef) had de hoogste scores voor zowel sociale interactie als communicatie, maar
matig hoge scores voor stereotypen en rigide gedragspatronen. Dit patroon suggereert
een overeenkomst met risicovolle of zelfs klinische ASS-kinderen. Dit idee wordt
ondersteund door de bevinding dat een groot deel van de kinderen in deze groep werd
verwezen naar vroege educatieve ondersteuningsdiensten en specialistische kinderopvangcentra. De tweede groep (15,8% van de steekproef) had tussenliggende scores
voor zowel sociale interactie als communicatie en lage scores voor stereotype en rigide
gedragspatronen en werd iets vaker verwezen naar gespecialiseerde diensten dan de
referentiegroep. Men zou kunnen veronderstellen dat sommige van deze kinderen uit
groep 2 later het brede ASS-fenotype zouden kunnen vertonen, of de diagnose zouden
kunnen krijgen van mildere vormen van ASS, taalstoornissen of mentale retardatie. Groep
3 (10,7% van de steekproef) had normale, d.w.z. baseline-niveau, scores voor zowel sociale
interactie als communicatie, maar zeer hoge scores voor stereotypen en rigide gedragspatronen. Het gedrag van deze kinderen was voor de ouders of de kinderopvang blijkbaar
geen reden tot zorg en bleek het veelal niet nodig deze kinderen te verwijzen naar
gespecialiseerde diensten. De vierde en laatste groep (72,9% van de steekproef) had lage
scores voor alle drie de symptoomdomeinen en werd beschouwd als de referentiegroep
met normaal ontwikkelende kinderen. Deze bevolkingsstudie toonde aan dat ASSsymptomen op het gebied van sociale interactie en communicatie nauw verbonden zijn
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en dat dit ook terug te vinden is in de manier waarop kinderen in groepen worden
ingedeeld op basis van ASS kenmerken. Het is belangrijk om te weten hoeveel kinderen
bepaald ASS-gerelateerd gedrag vertonen in de algemene bevolking om vast te stellen
op welk punt dit gedrag als abnormaal wordt beschouwd.
In hoofdstuk 4 heb ik in deze Noorse cohortstudie de percentages van kinderen
verder onderzocht die positief screende (afwijkende score) op de Communicative and
Social developmental Signs (CoSoS; eerder genoemd Early Screening of Autistic Traits
Questionnaire: ESAT) en The Modified Checklist for Autism in Toddlers (M- CHAT).
De M-CHAT en de CoSoS zijn beide ontworpen om te screenen op ASS bij zeer jonge
kinderen, maar zijn qua inhoud verschillend. Daarnaast heb ik onderzocht of een positieve
screen op de CoSoS en M-CHAT wordt geassocieerd met klinische verwijzing op de
leeftijd van 18 maanden en andere aspecten van de ontwikkeling, gezondheid en gedrag
van kinderen. In deze studie stuurden de moeders van 12.948 kinderen van 18 maanden
oud een vragenlijst terug, bestaande uit items uit de CoSoS en M-CHAT, plus vragen over
klinische verwijzingen en ontwikkelingskenmerken. Op de M-chat behaalde een groter
aantal kinderen een afwijkende score dan op de CoSoS. Kinderen die afwijkend scoorden
op de CoSoS bleken ernstigere/duidelijkere problemen te hebben dan kinderen die
afwijkend scoorden op de M-Chat: ze werden vaker doorverwezen voor nader onderzoek
en hadden vaker vastgestelde medische, taal- en gedragsproblemen. Uit een analyse van
het combineren van de twee instrumenten bleek dat dit nog effectiever was dan het
gebruik van de afzonderlijke instrumenten om de kinderen op te pikken die een hoog
risico op ASS hadden en naar klinische diensten werden verwezen.
In hoofdstuk 5 (SOSO-project) heb ik gekeken naar de gedrags- en ontwikkelingskenmerken van een groep kinderen (N=382) op schoolleeftijd uit de algemene bevolking
(31.724 kinderen) die vroege tekenen van sociale communicatieproblemen vertoonden.
Deze vroege tekenen van problemen met sociale communicatie waren gebaseerd op een
korte prescreening (bijvoorbeeld: Speelt het kind op een gevarieerde manier met speelgoed? of Reageert het kind normaal op sensorische prikkels?) op 14 maanden of een
verwijzing vanwege zorgen van een ouder of professional (gemiddelde leeftijd 27 maanden).
Daarop volgde een screening met een specifieke ASS-vragenlijst bij jonge kinderen. Vijf jaar
later vulden ouders en leerkrachten de Social Communication Questionnaire (SCQ), de Child
Behavior Checklist (CBCL) en het Teacher Report Form (TRF) in. De resultaten toonden aan
dat het gebruik van een ASS-screeninginstrument bij jonge kinderen effectief is voor
het identificeren van kinderen die later in hun leven ASS-kenmerken en andere gedragsproblemen zullen ontwikkelen. Vroege tekenen van sociale communicatieproblemen
waren voorspellend voor een verhoogd risico op ASS en andere gedragsproblemen 5 jaar
later, zelfs bij zeer jonge kinderen die slechts één keer positief screenden (op ongeveer
14 maanden oud). Een aanbeveling die hieruit voortkomt is dat deze kinderen goed in beeld
moeten blijven bij bijvoorbeeld consultatiebureau, schoolarts, huisarts en school, omdat
een aanzienlijk aantal van deze kinderen op latere leeftijd gedragsproblemen vertoont.
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Conclusie
Dit proefschrift geeft inzicht in de mate waarin autisme screeningsinstrumenten kunnen
helpen bij een ontwikkelingsscreening en hoe het ontwikkelingsbeloop is voor kinderen
die op zeer jonge leeftijd ontwikkelingsproblemen of afwijkend gedrag vertonen. Vanuit
klinische oogpunt kan gesteld worden dat gestandaardiseerd routinematig bevolkingsonderzoek naar ASS geen exclusief uitgangspunt mag zijn voor screening op ASS, maar
wel de zorgen over de ontwikkeling van het kind in bredere zin van zowel ouders als
professionals. Hierbij kan een gestandaardiseerde screeningslijst wel behulpzaam zijn om
zorgen meer te concretiseren. Kinderen die verwezen zijn op basis van bezorgdheid van
ouders of professionals lieten een hoge mate van ASS-gedrag zien, maar ook kinderen die
positief werden gescreend op een kort pre-screen vertoonden later in hun leven meer
gedragsproblemen. Kinderen die op zeer jonge leeftijd onder de radar blijven en op
oudere leeftijd een ASD-diagnose krijgen, vertonen atypische kenmerken (taal, motoriek,
gedrag, cognitief). Daarom moet er naar gestreefd worden de kennis over vroege
kenmerken van ASS te vergroten om ouders, medische professionals en kinderverzorgers
meer context te geven over een afwijkende ontwikkeling, in dit geval gericht op ASS.
Vanuit onderzoeksperspectief is er nog onvoldoende bewijs dat screening op
populatieniveau op ASS de prognose van kinderen op latere leeftijd verbeterd. Logisch
gezien zou vroege screening moeten leiden tot vroege diagnose en vroege interventie,
wat kan leiden tot een vermindering van de symptomen op de langere termijn, een
verbetering van het cognitieve, adaptieve en sociale functioneren en een verlaging van
de sociale kosten (Dawson et al., 2010; Eapen et al., 2013; Peters-Scheffer et al., 2012; Pickles
et al., 2016; Warren et al., 2011). Het is bewezen dat screening op populatieniveau uiteindelijk
op jonge leeftijd meer diagnoses oplevert (Yuen et al., 2018). Er moet echter ook veel
gebeuren om een goede behandeling beschikbaar te maken, zowel geografisch als zeker
ook qua wachttijd (Yuen et al., 2018). De integratie en coördinatie van screening gevolgd
door diagnostiek en behandeling zijn essentieel. Onderzoek naar het effect van integratie
van deze drie componenten kan nog waardevoller zijn.
Onderzoek naar populatiescreening lijkt dus nuttig indien geïntegreerd met follow-up
door diagnostiek en behandeling om inzicht te krijgen in het ontwikkelingsbeloop en de
voordelen op lange termijn van vroege screening naar ASS. Op klinisch gebied zouden
professionals in de gezondheidszorg en onderwijzend personeel meer kennis moeten
hebben van (vroege) ASS kenmerken. Op deze manier kan het toezicht op de ontwikkeling
van een kind verbeteren, gericht op vroege signalen, symptomen of ter ondersteuning
van zorgen die ouders hebben die zou kunnen wijzen op ASS-gerelateerd gedrag.
Bij kinderen waarover er zorgen zijn over mogelijk ASS-gerelateerd gedrag kan dan
vervolgens een specifieke ASS screeningsinstrument worden afgenomen. Kinderen die
positief screenen op dit specifieke ASS screeningsinstrument moeten worden doorverwezen voor verdere diagnostische evaluatie. Kinderen die negatief screenen op een ASS
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screeningsinstrument, maar bij wie er wel zorgen zijn over de ontwikkeling, zouden
desondanks intensief moeten worden gevolgd in hun ontwikkeling, ook gericht op ASS
over de jaren heen.
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Dankwoord
The years teach much which the days never knew.
Ralph Waldo Emerson
(1803—1882)
Bij de start van dit promotietraject had ik nooit kunnen voorspellen dat het zo zou lopen.
Het bedenken, plannen en uitvoeren van promotieonderzoek en vervolgens het analyseren
en publiceren is een prachtig, maar ook complex proces dat de volledige aandacht vraagt.
Deze volledige aandacht heb ik het niet altijd kunnen geven. De laatste jaren heb ik het
gecombineerd met een bijna volledige baan als clinicus, opleidingen, druk gezinsleven en
het leven in de volle breedte met al zijn hoogte- en dieptepunten. Toch ben ik blij dat ik
heb doorgezet en uiteindelijk mijn proefschrift mag verdedigen. Zonder de hulp en steun
van anderen was dit echter niet gelukt. Hieronder wil ik graag enkelen specifiek bedanken.
Mijn grootste dank gaat uit naar de kinderen en hun ouders die hebben deelgenomen
aan de verschillende onderzoeken in dit proefschrift. Het was inspirerend te zien hoe elke
ouder anders aankeek tegen de ontwikkeling van zijn of haar kind, maar de betrokkenheid
en liefde voor hun kind was overal zichtbaar.
Tijdens mijn promotietraject heb ik veel bijzondere kinderen en gezinnen mogen
ontmoeten. Jonge kinderen bij wie de ontwikkeling soepel of juist met uitdagingen is
verlopen. Ouders die al heel vroeg te maken kregen met zorgen over de ontwikkeling van
hun kind. Hen draag ik een speciaal warm hart toe. Met veel liefde ben ik maandelijks het
hele land doorgereden om in kaart te brengen hoe deze kinderen zich door de maanden
heen ontwikkelden. De verhalen van de ouders en de manier waarop zij de uitdagingen
het hoofd boden hebben diepe indruk gemaakt. Wat een doorzettingsvermogen,
strijdkracht en veerkracht heb ik gezien bij de gezinnen wiens verwachtingen en wensen
ineens allemaal onzeker werden.
Prof. dr. Jan Buitelaar, Jan, zonder jou was dit proefschrift er niet geweest. Jouw
aanhoudende betrokkenheid heeft ervoor gezorgd dat ik wilde doorzetten. Het is
bijzonder hoe jij in elke fase van dit traject kon inhaken en mij weer op weg wist te helpen
met inhoudelijk goede feedback en een frisse blik. De toon van je mails werd door de
jaren heen strenger, maar op momenten dat ik echt even lucht nodig had, kon je dat
gelukkig ook bieden en was je begripvol. Dank daarvoor Jan.
Prof. dr. Nanda Lambregts-Rommelse, Nanda, het is bewonderenswaardig hoe jij
zoveel rollen tegelijkertijd op hoog niveau kan vervullen. Onze gesprekken over de
ingewikkeldheid en dilemma’s van al deze rollen waren relativerend en steunend. Je bent
voor mij als promotor ontzettend waardevol geweest, zowel persoonlijk als inhoudelijk.
Wat een lief en fijn mens ben je. Dank je wel voor alles lieve Nanda.
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Dr. Sophie Swinkels, Sophie, jij staat aan de start van dit hele traject en spijtig genoeg
hebben we het niet samen kunnen afmaken. Het is al even geleden, maar mij is vooral je
deskundigheid, open blik en vriendelijkheid bijgebleven. Dank je wel voor je vertrouwen
en je begeleiding.
Collega’s uit Utrecht van het eerste en tweede SOSO-project, Claudine en Emma, wat
een berg werk hebben jullie samen met het team verzet voor de SOSO-projecten. Het is
lastig een lopend project in te stappen en daar een vervolg aan te geven. Jullie feedback
en ondersteuning in het doorgronden van de database voor de follow-up studie was heel
helpend. Claudine, wat leuk dat we nu ook binnen Centrum Jonge Kind collega’s zijn en ik
ook in die samenwerking van jouw kennis en kunde kan leren.
Dr. Rogier Donders, Rogier, het blijft wonderlijk hoe makkelijk statistiek wordt als jij
het uitlegt. Dank je wel voor je geduld en ondersteuning bij de analyses van ingewikkelde
data.
Dear Kari Kveim Lie and Synnve Schjølberg, you are amazing! Your knowledge,
dedication to the MoBa study and ABC-project, and above all your enthusiastic support were
so meaningfull. It lifted my spirit at times when I needed it the most. Thank you for that.
Stagiaires op de onderzoeksprojecten, Katja, Marieke, Marlynne, Anne, Susanne,
Danielle en Geke. Zonder jullie was dit nooit gelukt. De ontelbare huisbezoeken, telefoontjes
naar ouders, vragenlijsten en het scoren van uren videomateriaal hebben jullie samen
geweldig opgepakt. Ieder zijn eigen kwaliteiten, maar allemaal betrokken en heel fijn om
mee samen te werken.
De consultatiebureaus in Nijmegen en omgeving hebben de basis gelegd voor
het onderzoek naar joint attention en taal. Bij de controle van 6 maanden is aan iedere
ouder gevraagd mee te doen aan het onderzoek. Hartelijk dank voor deze kans en jullie
betrokkenheid bij de werving.
Karakter is al heel lang mijn professionele thuisbasis. Mijn collega’s door de jaren heen
zijn onmisbaar geweest voor mijn werkplezier en mijn vorming als clinicus. Dank voor alle
inspirerende en leerzame momenten. Speciale dank gaat uit naar Marian die de gave
heeft als manager te zien waar mijn interesses en competenties liggen en daar kansen en
werkplezier in creëert. Dank ook aan collega onderzoekers binnen Karakter. Het doen van
onderzoek schept een band, waarin het delen van ervaringen en kennis inspirerend is.
Dank voor het stafsecretariaat van de afdeling psychiatrie van het Radboudumc. Voor
het regelwerk, even aanhoren van frustraties en vooral veel lachmomenten. Martijn,
bedankt voor je ondersteuning en je uitleg bij het eigen maken van MPlus.
Medeonderzoekers van de afdeling psychiatrie: Glenn, Maaike, Martine, Cathelijne,
Pieter, Patricia, Armand, Gerard, Arnt, Elke, Esmé, Marieke, Fiona, Barbara, Matthijs , Rose en
Rianne. Het lijkt al weer een mensenleven geleden dat we met z’n allen op de afdeling
zaten. Terugkijkend was dit echt een prachtige tijd samen met jullie, waarin we grote
avonturen hebben beleefd. Ik denk er met een grote glimlach aan terug. Toen sommigen
van ons elkaar bij het afscheid van Jan weer tegenkwamen, leek het even alsof we 15 jaar
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terug in de tijd waren. Ik stel om die reden voor om de jonge Bourgondiërs bij elkaar te
roepen voor een reünie.
Glenn, wat was het heerlijk om samen met jou op één kamer te mogen zitten bij
psychiatrie. Jouw droge humor, scherpe blik en ongekende talent voor onderzoek,
maakten jou de ideale kamergenoot. Ongecompliceerde bondgenoten. Het is leuk te zien
hoe jij furore maakt op professioneel gebied. Maar voor mij blijf je gewoon Glenn met wie
ik zeker nog een keer een biertje ga drinken. Om het af te leren…
Liselore, Tim en Mario, een bij elkaar geraapt ongeregeld zooitje, maar wat kan ik
genieten van de etentjes en borrels samen. Na een avond met jullie doen mijn kaakspieren
pijn van het lachen.
Klaske en Paul, van veraf of dichtbij het contact met jullie is altijd heerlijk ontspannen
en gezellig. Op naar Borzeux!
Maaike en Martine, wat een eer om jullie naast mij te mogen hebben tijdens de
verdediging van dit proefschrift. Ik had mij geen betere paranimfen kunnen wensen.
Mogelijk heb ik onbewust een paar jaar gewacht totdat jullie genoeg ervaring hadden in
het begeleiden van promovendi, zodat jullie deze taak goed konden vervullen. Ondanks
dat jullie lekker doorstomen in de onderzoekswereld en ik het kneusje ben van de drie
musketiers op dat vlak, zijn jullie mij altijd blijven aanmoedigen en steunen. Als onderzoeker
op de afdeling psychiatrie hebben we elkaar gevonden en sindsdien niet meer losgelaten.
Dit ondanks uitdagingen van drukke gezinnen, veeleisende banen en reistijden. We zien
elkaar aanzienlijk minder vaak, maar tijdens die spaarzame momenten hebben we altijd
genoeg om over te praten en voelt het direct weer als vanouds.
Lieve Renske, het voelt altijd als een beetje thuiskomen bij jou. Tot grote verwarring
en frustratie van anderen communiceren wij op een manier waarop we de helft weglaten,
maar elkaar precies begrijpen. Onze gelijkgestemde humor vult het geheel altijd mooi
aan. Van brugklasser naar volwassen zijn met kinderen. Het is heel bijzonder dat ik al
zoveel verschillende levensfases met jou heb mogen meemaken. Dat maakt onze band
alleen maar sterker. Wat heerlijk daarom dat je weer ‘om de hoek’ bent komen wonen.
Dat maakt regelmatiger afspreken met onze drukke agenda’s hopelijk wat gemakkelijker.
Ik kijk er al naar uit!
Marloes en Anne, het is altijd zo fijn om jullie te zien. Onze bijzondere vriendschap
staat voor het delen van grote en kleine dingen. Niets is te gek. Jullie geven energie en zijn
vaak mijn klankbord. Of het nu gaat om ons wekelijkse sportmomentje (oftewel bijkletsmoment)
of een weekendje weg, saai is het met jullie nooit. Ik hoop dat ik nog vele mooie avonturen
met jullie mag beleven.
Familie van de Kerkhof, Mies, Cis, Steffie, Bart, Lars, Fleur, Lara, Eva, Finn, Harper en
Minte, mien schoeën femilie. Met een vlecht (of niet) aan de keukentafel, zo is het begonnen.
Mies en Cis, jullie hebben mij ondergedompeld in jullie Weertse familie. Lieve mensen van
het goede leven die genieten van gezelligheid, gezelschap, discussiëren en een brede
interesse hebben. Steffie, dank je wel voor het deelnemen aan het onderzoek met jullie
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Eva. Bijzonder om de ontwikkeling van mijn mooie nichtje van zo dichtbij te mogen
volgen. Het heeft naast veel waardevolle data ook prachtig beeldmateriaal opgeleverd
over de normale ontwikkeling van het jonge kind. Fleur, wat fijn dat wij samen de
vrouwelijke ‘koude kant’ van de familie mogen vormen.
Pap en mam, dit proefschrift is ook een beetje van en voor jullie. De onvoorwaardelijkheid
in jullie betrokkenheid en vertrouwen is zo liefdevol en tekenend voor jullie als ouders.
Jullie zijn een grote steun waar ik altijd op terug kan vallen. Wat ben ik dankbaar dat ik uit
zo’n fijn gezin kom. Dit proefschrift is dan ook het resultaat van mijn opvoeding in positieve
zin. Hard werken als je iets graag wil, doorzetten, zoeken naar mogelijkheden, geloven in
jezelf en keuzes maken. Het promotietraject lang heeft geduurd, maar mijn proefschrift is
daardoor uiteindelijk wel afgekomen. De afgelopen jaren zijn we als gezin met de neus op
de feiten gedrukt dat het leven niet maakbaar is. Hierdoor genieten we nog meer van de
momenten met elkaar. Ik ben dankbaar dat jullie nog zo’n groot deel mogen uitmaken
van het leven van mij, Jouke en de kinderen.
Meike, ook kleine zusjes worden groot. Samen met Arjan heb je een prachtig gezin
waar jullie heel trots op mogen zijn. Onze band is de afgelopen jaren alleen maar hechter
geworden. Even bij elkaar langsfietsen, bijkletsen en sparren over grote en kleine dillema’s,
het kan allemaal. Het is daarom heel fijn dat we vlak bij elkaar wonen. Het is bijzonder om
Wout en Juna van zo dichtbij te mogen zien opgroeien en het is mooi om te zien hoe
onze kinderen zich samen ontwikkelen en van elkaar genieten.
Thom, ik kan niet in woorden uitdrukken hoe trots ik op mijn broertje ben. Je hebt
voor onvoorstelbare uitdagingen gestaan, maar jouw veerkracht en doorzettingsvermogen
zijn ongelooflijk. Je bent een fantastische vader voor je kleine meisje Anieke. Ze is lief,
volhardend en slim. Een mooie samensmelting van jou en Julie. Het gemis van Julie blijft
tastbaar voor ons allen, maar heel dankbaar ben ik voor jouw nieuwe geluk. Ik kan niet
wachten om Angie en haar jongens te ontmoeten en jullie nieuwe familiehuis te
bewonderen. Hoe ver we ook bij elkaar vandaan zijn, je blijft met ons verbonden. Canada
voelt vaak heel ver weg, maar op momenten die er toe doen zijn we heel dichtbij.
Lieve Jouke, al zo lang ben je in mijn leven en nog steeds kan je mij positief verrassen
met nieuwe kanten van jezelf. Je kent mij soms beter dan ik mezelf ken. Het is bijzonder
dat we elkaar hebben kunnen blijven vinden door het leven heen. Samen zijn we gegroeid
tot waar we nu staan en daar ben ik heel erg dankbaar voor. Dank je wel voor je liefde, je
nuchtere blik, je kritische denken en voor het even laten als ik het in mijn bol heb.
Lieve Elin, Maren en Olaf, wat dankbaar ben ik dat ik jullie moeder mag zijn. Door jullie
te zien opgroeien vallen veel dingen op z’n plek en kom ik in de drukte tot rust. Prioriteiten
worden soms ineens heel helder. Lieve Elin, jouw lieve zorgzame karakter, gevoeligheid,
humor, scherpe geest en je leergierigheid maken je bijzonder voor de mensen om je
heen. Lieve Maren, jouw creatieve spitsvondige denken, intensiteit, groot empathisch
vermogen, en temperament zijn iedere dag weer leuk verassend en nooit saai. Olaf, van
het enthousiasme waarmee je ‘mama’ roept en me een knuffel geeft smelt ik elke keer
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weer. Je bent vrolijk, pikt snel dingen op uit de wereld om je heen en kletst ons de oren
van het hoofd. Heerlijk om nu ook door je verhalen een inkijkje te krijgen in wat er zich
allemaal in jouw hoofd afspeelt. Ik kan niet wachten om te zien hoe jullie je verder
ontwikkelen…..maar neem je tijd. De jaren leren je dingen die de dagen niet weten….
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Biografie
Karin Beuker werd geboren op 17 november in Zevenaar waar zij haar hele jeugd gewoond
heeft. Na het behalen van haar VWO diploma aan het Liemers College in Zevenaar in 2000
is zij psychologie gaan studeren aan de Radboud Universiteit in Nijmegen, waar zij voor de
afstudeerrichting Ontwikkelingspsychologie gekozen heeft. Haar doctoraalscriptie heeft
zij geschreven onder de bezielende leiding van Prof dr. Marianne Riksen-Walraven over
peer-interactie op 15 en 23 maanden in kinderdagverblijven: ontwikkeling, interindividuele
stabiliteit en de relatie met ouder-kind interactie. De interesse voor de ontwikkeling voor
het jonge kind was hiermee bestempeld. Karin heeft in het laatste jaar van haar studie
psychologie stage gelopen bij Karakter UC Nijmegen op de polikliniek. In 2004 behaalde
ze cum laude haar doctoraaldiploma Psychologie. Na haar studie is Karin als promovenda
begonnen aan de afdeling psychiatrie waar zij tussen 2004 en 2008 voor verschillende
studies data heeft verzameld en geanalyseerd. De resultaten hiervan zijn opgenomen in
dit proefschrift en zijn gepresenteerd op verschillende internationale congressen (IMFAR
en ESCAP). Na haar aanstelling als promovenda is Karin vanaf 2009 werkzaam bij Karakter
als clinicus binnen verschillende zorglijnen (ASS/ADHD, Centrum Jonge Kind en Intensief
Behandelcentrum kind). In 2013 heeft ze de post-doctorale opleiding afgerond tot
gezondheidszorgpsycholoog en in 2015 is zij geschoold tot Pivotal Response Treatment
(PRT) therapeut. De rode lijn in haar proefschrift en haar werk als GZ-psycholoog is de
ontwikkeling van het jonge kind en specifiek kinderen met autisme. Karin woont samen
met haar man Jouke en hun 3 kinderen (Elin, Maren en Olaf) in Nijmegen.
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