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    Chapter 2   
 Early Diagnostic Assessment                     

       Sarah     Kuriakose      and     Rebecca     Shalev   

          Introduction 

 Access to early intervention services often depends on early  in life diagnosis  . The 
average age a child receives an ASD diagnosis varies widely internationally and 
nationally. A number of obstacles often dissuade or preclude an accurate ASD diag-
nosis and current research-based approaches capable of diagnosing ASD very early 
in life (i.e., less than 18 months old) are rarely available. This chapter fi rst presents the 
diagnostic characteristics of ASD per the DSM-5, briefl y discusses the factors hypoth-
esized to be contributing to the rising ASD prevalence and obstacles to obtaining an 
accurate ASD diagnosis (e.g., access to services, pediatricians without necessary 
experience, etc). The most common ASD diagnostic procedures are then described 
and the pros and cons as well as the available psychometric data are presented in a 
table that enables comparison across approaches. Recent research investigating novel 
approaches that facilitate earlier in life diagnosis is then reviewed. The chapter con-
cludes with suggestions for future research and guidance for practitioners.  

    DSM-5 Diagnostic Criteria for  AS  D 

 The Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; 
American Psychiatric Association,  2013 ) gives the comprehensive diagnostic crite-
ria for Autism Spectrum Disorder (ASD). The DSM-5 introduced substantive 
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changes in the diagnosis of ASD from previous editions. Previously, Autistic 
Disorder was one of fi ve Pervasive Developmental Disorders (Autistic Disorder, 
Rett’s Disorder, Childhood Disintegrative Disorder, Asperger’s Disorder, Pervasive 
Developmental Disorder—Not Otherwise Specifi ed [PDD-NOS]) under the 
umbrella category of Disorders Usually First Diagnosed in Infancy, Childhood, or 
Adolescence. The DSM-5 removed the Pervasive Developmental Disorder nomen-
clature entirely and classifi es ASD under Neurodevelopmental Disorders. The 
DSM-5 also conceptualizes the clinical heterogeneity of ASD as dimensional rather 
than categorical, with Autism Spectrum Disorder representing Autistic Disorder, 
Asperger’s Disorder, and PDD-NOS. Finally, ASD is now a dyad of symptom clus-
ters rather than a triad (Social Interaction, Communication, and Restricted, 
Repetitive, and Stereotyped Patterns of Behavior, Interests, and Activities). 

 The  diagnosis   of ASD in the DSM-5 now requires the presence of impairments 
in two domains: Social Communication and Interaction and Restricted, Repetitive 
Patterns of Behavior, Interests, or Activities. The fi rst domain (A) specifi es defi cits 
in social communication and social interaction across settings, with three diagnostic 
criteria. Individuals diagnosed with ASD must display all three criteria, either cur-
rently or by history. The four criteria are: (1) defi cits in social-emotional reciprocity, 
(2) defi cits in nonverbal communicative behavior, and (3) defi cits in developing, 
maintaining, and understanding relationships. The text of the DSM-5 provides illus-
trative examples for each criterion (e.g. for A1, examples include abnormal social 
approach and failure of normal back-and-forth conversations). 

 In the second domain (B), Restricted, Repetitive Patterns of Behavior, Interests, 
or Activities, there are four criteria. However, individuals diagnosed with ASD are 
required to meet only two criteria, currently or by history. These include: (1) stereo-
typed or repetitive motor movements, use of objects, or speech, (2) insistence on 
sameness, infl exible adhere to routines, or ritualized patterns of verbal or nonverbal 
behavior, (3) highly restricted, fi xated interests that are abnormal in intensity or 
focus, and (4) hyper- or hyporeactivity to sensory input or unusual interest in sen-
sory aspects of the environment. Illustrative examples are given for each criterion 
(e.g. for B1, examples include lining up toys, fl ipping objects, and echolalia). 

 Three additional overarching  diagnostic   criteria are given. The third criterion (C) 
notes that symptoms must be present in the early developmental period, although 
impairments may not become apparent until demands are increased later in life. The 
fourth criterion (D) states that symptoms must cause clinically signifi cant impair-
ment in functioning. The last criterion (E) states that defi cits should not be better 
explained by either Intellectual Disability or Global Developmental Delay; note, 
however, that Intellectual Disability and ASD can co-occur. The DSM-5 specifi cs 
that all individuals with previous well-established diagnoses of Autistic Disorder, 
PDD-NOS, or Asperger’s Disorders should now be given the diagnosis of ASD. 

 The diagnosis of ASD is now made with two sets of specifi ers. Severity spec-
ifi ers are ratings of the level of support needed for each domain of symptoms. 
Domains should be rated independently as Level 1 (Requiring Support), Level 2 
(Requiring Substantial Support), or Level 3 (Requiring Very Substantial Support). 
The text provides examples of impairments that illustrate each severity level and 
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notes that severity levels will change over the individual’s lifetime. While the diag-
nostic criteria only provides three levels, the supporting text in the DSM-5 states 
that severity could be below Level 1 at times in the individual’s life (e.g. not requir-
ing supports). 

 The second set of specifi ers requires the diagnosing clinician to note whether 
ASD is present: With or without accompanying intellectual impairment; With or 
without accompanying language impairment; Associated with a known medical or 
genetic or environmental factor (if associated); and Associated with catatonia (if 
associated). Therefore, a diagnosis of ASD in accordance with DSM-5 should be 
written as suggested in the examples in Table  2.1 .

   Finally, it should be noted that the diagnosis of  Social (Pragmatic) Communication 
Disorder   is a new addition to the DSM-5. It is categorized under Communication 
Disorder rather than Neurodevelopmental Disorders and is suggested as a differen-
tial diagnosis for individuals with social communication impairments but with no 
symptoms in the restricted, repetitive behaviors domains currently or by history. It 
should be noted that research is not conclusive about the diagnostic validity of 
Social Communication Disorder (Ozonoff,  2012 ; Skuse,  2012 ) and further studies 
are indicated. 

    Prevalence of ASD 

 The rising  prevalence   of ASD has been heavily reported across scientifi c and popu-
lar media outlets. The majority of prevalence studies conducted internationally 
focus on North America and Europe, although limited literature is available repre-
senting other parts of the globe. Overall, the research consensus indicates that the 
prevalence of more narrowly defi ned classical autism and broadly defi ned ASD are 
rising in global samples, beginning in the mid-1990s (Baron-Cohen et al.,  2009 ; 

   Table 2.1     Diagnosis   of ASD in accordance with DSM-5   

 Example 1.  299.00 Autism Spectrum Disorder 
 Requiring support for defi cits in social communication and requiring very 
substantial support for restricted, repetitive behavior 

 Example 2.     299.00 Autism Spectrum Disorder Associated with a known genetic condition 
(Fragile X syndrome) 
 Requiring very substantial support for defi cits in social communication and 
requiring very substantial support for restricted, repetitive behavior 
 With accompanying language impairment 

 Example 3.  299.00 Autism Spectrum Disorder Associated with an environmental factor 
(fetal alcohol syndrome) 
 Requiring very substantial support for defi cits in social communication and 
requiring substantial support for restricted, repetitive behavior 
 With accompanying intellectual impairment 
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Cavagnaro,  2009 ; Honda, Shimizu, Imai, & Nitto,  2005 ; Newschaffer, Falb, & 
Gurney,  2005 ; Rice et al.,  2013 ; Sun & Allison,  2009 ; Taylor, Jick, & McLaughlin, 
 2013 ; Wong & Hui,  2008 ). 

 Systematic reviews have reported an aggregate prevalence of approximately 
60–70 in 10,000 for ASD across the globe (Elsabbagh et al.,  2012 ; Fombonne, 
 2009 ). The majority of the literature is focused on the United States, where the most 
recently reported fi gure is 1 in 68 children, which is an average across sites ranging 
from 1 in 45 (New Jersey) to 1 in 175 (Alabama) (Centers for Disease Control 
(CDC),  2014 ). Autism was identifi ed in 1 in 42 boys and 1 in 189 girls (CDC,  2014 ). 
This represents a 30 % increase in prevalence of ASD among 8-year-olds from the 
previous CDC data (CDC,  2012 ). 

 Many factors are theorized to account for the increasing prevalence of 
ASD. Contributors can be classifi ed in three domains:  intrinsic identifi cation  , or 
measurement factors involved in documenting ASD prevalence trends, extrinsic 
 identifi catio  n, or  external classifi cation and awareness factors   leading to changes in 
case ascertainment, and risk, or possible true change in ASD symptoms in the popu-
lation over time (Rice et al.,  2013 ). In the area of intrinsic identifi cation, study meth-
ods are frequently cited as contributing bias to the overall prevalence. Case 
ascertainment methods, e.g. health records vs educational records, previous vs. pro-
spective diagnoses, parent report vs. observational diagnoses, research vs. clinical 
diagnoses, sampling of urban vs. rural regions, sampling of regions with free vs. 
paid access to screening, sampling of ages, all have systematic impacts on preva-
lence (e. g., Barbaresi, Colligan, Weaver, & Katusic,  2009 ; Baron-Cohen et al., 
 2009 ; Matson & Kozlowski,  2011 ; Parner et al.,  2011 ; Williams, Higgins, & Brayne, 
 2006 ). In fact, recent global research suggests that after adjusting for systematic 
bias in case-fi nding strategies, the prevalence of ASD is actually unchanged between 
1990 and 2010 (Baxter et al.,  2014 ). The fi gures cited changed from 7.5 in 1000 in 
1990 to 7.6 in 1000 in 2010, which approximates the global prevalence estimated by 
Fombonne ( 2009 ). 

 In the area of  extrinsic identifi cation  , it is widely known that improved awareness 
of ASD as well as the broadening of ASD to include milder forms over time have 
increased prevalence rates. Studies have shown that there has been an increase in the 
prevalence of ASD when major changes were made to diagnostic criteria, such as 
when DSM-IV criteria were introduced (King & Bearman,  2009 ). Improved aware-
ness has led to increased screening, with districts and countries that introduced 
population-level screening showing a greater prevalence (Nygren et al.,  2012 ; 
Parner et al.,  2011 ; Wing & Potter,  2002 ). The shift to identifying children at 
younger ages also explains part of the increase (Fombonne,  2009 ; Hertz-Picciotto & 
Delwiche,  2009 ). 

 Relatedly, the identifi cation of milder forms of ASD, which is infl uenced by the 
broadening of diagnostic criteria, is associated with increasing prevalence (Hertz- 
Picciotto & Delwiche,  2009 ). Both CDC ( 2014 ) and parent-reported data (Blumberg 
et al.,  2013 ) indicate that fewer children with ASD are classifi ed as having an intel-
lectual disability and the greatest increases in ASD report are in milder ASD (Keyes 
et al.,  2012 ). Another signifi cant factor impacting changes in prevalence is diagnostic 
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substitution, or the switching of a previous  diagnosis   or class of diagnoses to the 
class of ASD. Administrative data show a strong correlation  betwee  n decreasing 
rates of other disorders like mental retardation, learning disability, or developmental 
language disorder and increasing rates of ASD diagnoses, suggesting diagnostic 
substitution (Bishop, Whitehouse, Watt, & Line,  2008 ; Coo et al.,  2008 ; King & 
Bearman,  2009 ; Shattuck,  2006 ). 

 Finally, it is important to consider whether, outside of these factors, the change 
in prevalence is impacted by a true change in the incidence of ASD owing to envi-
ronmental or other risk factors. At this point, most researchers conclude that the 
trend in prevalence cannot be directly attributed to increased incidence, but also that 
the available data are not robust enough to rule out such a hypothesis (Fombonne, 
 2009 ; Rice et al.,  2013 ). Research continues to be conducted on  environmental and 
biological risk factors  , such as the increased viability of pre-term births, a risk factor 
for ASD, (Johnson et al.,  2010 ), and others (Matson & Kozlowski,  2011 ; Wazana, 
Bresnahan, & Kline,  2007 ).  

    Obstacles to Obtaining ASD Diagnostic Assessment 
and/or Accurate Diagnosis 

 ASD can be reliably diagnosed by an experienced clinician when a child is 2 years 
of age (Cox et al.,  1999 ; Kleinman et al.,  2008 ; Lord,  1995 ). However, population- 
based estimates in the United States indicate that the median age of diagnosis ranges 
from 48 (CDC,  2014 ) to 61 months (Wiggins, Baio, & Rice,  2006 ) or even 58 
months (Shattuck et al.,  2009 ). This signifi es a gap of several years. This gap is 
especially problematic given that the preponderance of evidence suggests that early 
intervention is most effective for improved outcome in ASD. Many parents fi rst 
become concerned about their child’s development before the age of 24 months 
(Wiggins et al.,  2006 ) and report seeing an average of four to fi ve doctors before 
receiving an ASD diagnosis (Goin-Kochel, Mackintosh, & Mysters,  2006 ). They 
report overall dissatisfaction with the process of receiving an ASD diagnosis (Smith, 
Chung, & Vostanis,  1994 ) Barriers to timely diagnosis of ASD are present at the 
patient, family, and community level. 

 Research indicates  that   several patient-level factors impact the timing of ASD 
diagnosis. Boys are diagnosed on average earlier than girls (Goin-Kochel et al., 
 2006 ), even when girls had a greater degree of cognitive  impairmen  t (Shattuck 
et al.,  2009 ). Children with IQs in the range of intellectual disability were diagnosed 
earlier, as were children who experienced a developmental regression (CDC,  2014 ; 
Shattuck et al.,  2009 ). Children whose symptoms are on the milder end of the spec-
trum are diagnosed later (Goin-Kochel et al.,  2006 ; Mandell, Novak, & Zubritsky, 
 2005 ; Thomas, Ellis, McLaurin, Daniels, & Morrissey,  2007 ). 

 At the family level, strong associations, though not always consistent across 
studies, have been found between timing of diagnosis and  socioeconomic status   and 
 race/ethnicity  . Lower age of diagnosis has been associated with higher parental 
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 education as well as higher family income (Fountain, King, & Bearman,  2011 ; 
Goin- Kochel, Mackintosh, & Mysters,  2006 ). The lowest rate of diagnosed ASD, as 
reported by parents, was in low-income families (Liptak et al.,  2008 ) and families 
near the poverty level received diagnoses nearly a year later than those with incomes 
greater than 100 % of the poverty level (Mandell et al.,  2005 ). 

 Although ASD does not disproportionately affect any racial or ethnic group, 
diagnosis rates do vary. Several studies have found that ethnic minority status is 
associated with lower or later diagnosis of ASD (CDC,  2014 ; Travers, Tincani, & 
Krezmien,  2011 ). Mandell, Listerud, Levy, and Pinto-Martin ( 2002 ) found that, 
of children on Medicaid, white children were diagnosed at 6.3 years of age, ver-
sus 7.9 years for African American children, and 8.8 years for Latino children. 
Among children who were referred to specialty care who were later diagnosed 
with ASD, White children were 2.6 times as likely to receive an ASD diagnosis 
at the fi rst visit as African American children, who were more likely to be diag-
nosed with ADHD, adjustment disorder, and conduct disorder (Mandell, 
Ittenbach, Levy, & Pinto- Martin,  2007 ). The authors hypothesize that this could 
be related to cultural differences in how parents recognize and report symptoms, 
race-related differences in the clinicians’ interpretation of symptoms, or a combi-
nation of the two. 

  Community level factors   also play a role in timing of diagnosis. Children living 
in rural areas received diagnoses on average 0.4 years later than children living in 
urban areas (Mandell et al.,  2005 ). This disparity continues to be present when 
accessing  autism-related care  , with children in nonmetropolitan areas having poorer 
access (Thomas et al.,  2007 ). Proximity to a medical center is associated with ear-
lier age of diagnosis (Kalbrenner et al.,  2011 ). Access to specialty care improves 
diagnosis, with those referred to a specialist receiving a diagnosis 0.3 years earlier 
than those who were not (Mandell et al.,  2005 ). Most children with ASD are identi-
fi ed at nonschool settings, such as hospitals and clinics (Wiggins et al.,  2006 ), and 
therefore, limited access to such settings may impact diagnosis. Research confl icts 
on whether living in a high-income community is predictive of diagnosis; while 
some studies support this fi nding (Rosenberg, Landa, Law, Stuart, & Law,  2011 ; 
Thomas et al.,  2012 ), others note that the effect does not remain when parental edu-
cation is controlled (Fountain et al.,  2011 ). 

 The fi rst point of contact for diagnosis is typically the pediatrician or primary 
care physician. Many research studies have focused on barriers to accurate diagno-
sis in primary care settings.  Primary barriers   include awareness, time, cost and 
reimbursement, and training. Although developmental screeners have been shown 
to more accurately identify children at risk for ASD (Miller et al.,  2011 ), pediatri-
cians have reported that they trust clinical acumen over such screeners (Morelli 
et al.,  2014 ). Others report that they do not know how to use screeners or which 
screeners to use (Dosreis, Weiner, Johnson, & Newschaffer,  2006 ) Over 70 % of 
ASD diagnoses are made without using standardized instruments (Wiggins et al., 
 2006 ). Most practices do not get reimbursed at sustainable rates for providing  devel-
opmental screening   (Filipek et al.,  2000 ; Shattuck & Grosse,  2007 ). Patients with 
ASD in states with better reimbursement rates have less trouble accessing care 
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(Thoas, Parish, Rose, & Klany,  2011 ). They also report not having time to do screen-
ings (Dosreis et al.,  2006 ; Filipek et al.,  2000 ; Morelli et al.,  2014 ). 

  Pediatrician training   has become a high-priority public policy initiative, with 
national campaigns through the American Academy of Pediatrics (Johnson, Meyers, 
& The Council on Children with Disabilities,  2007 ) and the Centers for Disease 
Control. Medical students receive little focused training about diagnosis ASDs 
(Shah,  2001 ). Pediatrician training studies are overall positive but suggest caution. 
Many awareness building initiatives increase pediatrician knowledge but do not 
necessarily lead to referrals, nor is there adequate follow-up data to understand 
whether the referrals were appropriate and effective (Daniels, Halladay, Shih, Elder, 
& Dawson,  2014 ). While some studies show increased identifi cation and referral 
(Guevara et al.,  2012 ; Swanson et al.,  2014 ), others show inconsistent results. Of 
children who screened positive for developmental delay, only 30 % (Windham et al., 
 2014 ) to 65 % (Morelli et al.,  2014 ), were referred to treatment and of those who 
were referred, only half followed through (Morelli et al.,  2014 ; Windham et al., 
 2014 ). At least one study suggests that over identifi cation may be an issue (Zachary, 
Stone, & Humberd,  2009 ). A study in which practice parameters were distributed 
and publicized showed a decrease of 1.5 years in average age of ASD diagnosis; 
however, results were not maintained at 2-year follow-up (Holzer et al.,  2006 ). 
Therefore, sustainability of such campaigns is important to consider. Some innova-
tive models, such as telephone screening of low-resource communities (Roux et al., 
 2012 ), and screening of children using videos uploaded to smartphones (Oberleitner, 
Reischel, Lacy, Goodwin, & Spitalnick,  2011 ) are currently being evaluated, with 
promising results.  

    Assessment Practices 

 In response to the  increasing   prevalence of ASD and in the face of obstacles to 
accurate diagnostic assessment, health care professionals have adopted new prac-
tices to systematically detect ASD in young children. Best-practice guidelines set 
by the American Academy of Pediatrics now call for routine surveillance at every 
well-child visit, with the use of ASD-specifi c screening tools at 18 and 24 months 
(Johnson et al.,  2007 ). Positive screen results prompt clinicians to initiate further 
assessment, which may lead to a diagnosis of ASD. Effective  screening practices   for 
ASD are essential in early childhood, as the majority of parents fi rst recognize 
abnormalities prior to the second birthday (Baghdadli, Picot, Pascal, Pry, & 
Aussilloux,  2003 ; Chawarska et al.,  2007 ; De Giacomo & Fombonne,  1998 ; Tolbert, 
Brown, Fowler, & Parsons,  2001 ). But despite the early age of parental recognition, 
on average, children are not diagnosed with ASD until 48 months, well after initial 
concerns have  been   noted (Centers for Disease Control,  2012 ). Early diagnosis of 
ASD increases children’s access to early intervention services, which is central to 
achieving positive outcomes (Lovaas,  1987 ; National Research Council,  2001 ; 
Rogers & Vismara,  2008 ).   
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    Screening for ASD 

 A number of autism-specifi c screeners have been developed to facilitate accurate 
detection of ASD in young children. Some systems are  designed   for population- 
based screening and, others are designed to screen children already suspected of 
ASD. These types of screenings are referred to as level one and level two, 
respectively. 

 To understand the utility and effi cacy of a particular screening or diagnostic 
instrument, it is essential to have knowledge of its psychometric properties, espe-
cially the indices of sensitivity and specifi city.  Sensitivity  refers to a measure’s abil-
ity to correctly identify children who are at risk for the disorder;  specifi city  refers to 
its ability to correctly rule out children who are not at risk for the disorder. According 
to Coonrod and Stone ( 2005 ), acceptable levels of sensitivity are specifi city are .80 
and higher. Although both metrics of sensitivity and specifi city are relevant to accu-
rate diagnosis, maximum sensitivity is generally achieved at the cost of lower speci-
fi city, and vice versa. Recently, several ASD-specifi c screeners have been developed; 
however, few have been carefully evaluated. Therefore, clinicians must use be some 
caution when selecting instruments for routine clinical practice (Charman & 
Gotham,  2013 ). 

    Level One 

  Level one ASD screeners   typically use the reports of parents and caregivers to mea-
sure broad developmental constructs suggestive of ASD. They are easy and quick to 
administer and interpret, and they are characterized by high sensitivity. High sensi-
tivity is favorable in level one screeners because their purpose is to identify the 
maximum number of children at risk for developing the disorder. But, they also lead 
to over-identifi cation (i.e., false positives) due to low specifi city; many children 
identifi ed as at-risk following the level one screening will be  determin  ed to be unaf-
fected by ASD after further evaluation. However, it is likely that these children have 
related developmental disorders (Dietz, Swinkels, van Daalen, van Engeland, & 
Buitelaar,  2006 ; Pierce et al.,  2011 ). When it comes to level one screeners for ASD, 
high sensitivity is more important than high specifi city, because the consequences 
of missing a child with ASD are far more signifi cant than evaluating a child who is 
unaffected (Barton, Dumont-Mathieu, & Fein,  2012 ). 

 Several level one screening measures for ASD have been developed for clinical 
use in children 18-months and older (see Table  2.2 ). Widespread level one tools 
include: (a) the Checklist for Autism in Toddlers (CHAT; Baron-Cohen et al.,  1992 ), 
(b) the Modifi ed Checklist for Autism in Toddlers (M- CHA  T; Robins et al.,  2001 ), 
and (c) the Early Screening for Autistic Traits (ESAT; Swinkels et al.,  2006 ).

   Baron-Cohen et al. ( 1992 ) developed and validated the fi rst level one screener for 
ASD in Great Britain, called the CHAT. The 14-item CHAT was designed to identify 
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children who show signs of ASD at 18 months old. Items focus on the  attainment of 
key social communication milestones, such as pretend play and two aspects of joint 
attention. These include protodeclarative pointing (e.g., pointing at an object for the 
purpose of directing another person to look at it) and gaze monitoring (e.g., looking 
in the same direction as another person). Nine items on the CHAT are based on par-
ent report; the remaining fi ve are based on in-home observations conducted by 
health practitioners. Validation studies with high-risk and general populations indi-
cate that although the CHAT nearly always identifi es children with ASD correctly, 
it also misses many children (Baird et al.,  2000 ; Baron-Cohen et al.,  1996 ; Scambler, 
Rogers, & Wehner,  2001 ). 

 The M-CHAT is an extension of the CHAT. It is in the public domain and can be 
accessed at   https://www.m-chat.org    . It includes the nine parent-rated items from the 
CHAT and 14 original items (Robins et al.,  2001 ). The authors of  the   M-CHAT cre-
ated additional items in order to assess a broader range of symptoms in children 
aged 16- to 30-months, and to increase the sensitivity of the measure. They included 
parent-rated items only to account for the absence of health visitor observations in 
the United States (Robins et al.,  2001 ). The original validation sample included 
1293 children who were screened at the 18- and 24-month well-child visit, 58 of 
whom received diagnostic evaluations, and 39 of whom were diagnosed with a 
spectrum disorder. Although sensitivity and specifi city cannot be determined until 
follow-up of the initial sample is complete,  estimat  es are very promising (e.g., .87 
and .99, respectively; Robins et al.,  2001 ). 

 The ESAT is a 14-item parent rating scale for children between the ages of 14- 
and 15-months in the general population. During development, Dietz et al. ( 2006 ) 
screened 31,724 children for ASD in the Netherlands using a two-pronged approach. 
First, parents completed a four-item prescreening questionnaire at well-child 
appointments. Second, children with positive results were observed in the home by 
a mental health professional who completed the 14-item ESAT measure. Of the 
children who participated, 18 were diagnosed with ASD and 55 were identifi ed as 
having other developmental disorders, such as language disorder ( n  = 18) and intel-
lectual disability ( n  = 13). Although sensitivity and specifi city data are not yet avail-
able, prevalence data suggest the sensitivity of the ESAT is relatively low. Further, 
a large number of false-positive results were generated following the prescreening 
phase (Dietz et al.,  2006 ). 

 The Communication and Symbolic Behavior Scales Developmental Profi le 
(CSBS  DP  ; Wetherby & Prizant,  2002 ) Infant/Toddler Checklist and Pervasive 
Developmental Disorders Screener Screening Test, Second Edition (PDDST- II  ; 
Siegel,  2004 ) are two measures that offer level one and level two screening. The 
CSBS DP is comprised of a 24-item parent questionnaire (level one) and follow-up 
behavioral observation (level 2) with the Scale of Red Flags ( SOR  F; Wetherby & 
Woods,  2002 ). The PDDST-II contains caregiver-rating forms for three settings; 
primary care centers, developmental disabilities clinics, and autism clinics. While 
the CSBS targets very young children (6–24 months) only, the PDDST is intended 
for use with toddlers and children under the age of 6. The CSBS and PDDST continue 
to be under investigation.  
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    Level Two 

 In contrast to level one, level two screeners contain high specifi city. High specifi city 
is an important quality of level two screeners because it allows practitioners to dis-
criminate developmental disabilities from other disorders and pinpoint the specifi c 
 developmental   condition (Bishop, Luyster, Richler, & Lord,  2008 ). Commonly used 
level two screeners include: (a) the Social Communication Questionnaire (SCQ; 
Rutter, Bailey, & Lord,  2003 ), (b) the Social Responsiveness Scale, Second Edition 
(SRS-2; Constantino, 2012), (c) the Childhood Autism Rating Scale, Second Edition 
( CARS2  ; Schopler et al.,  2010 ), and (d) the Gilliam Autism Rating Scale, Third 
Edition (GARS- 3  ; Gilliam,  2014 ). 

 The SCQ is 40-item caregiver questionnaire based on, and strongly correlated 
with ( r  = .71–.73; Berument, Rutter, Lord, Pickles, & Bailey,  1999 ; Corsello et al., 
 2007 ), the Autism Diagnostic Interview (ADI; Lord, Rutter, & Le Couteur,  1994 ) 
and Autism Diagnostic Interview-Revised (ADI- R  ; Rutter, Le Couteur, & Lord, 
 2003 ). Although it was originally developed for research, the SCQ is now com-
monly used in both research and practice (Charman & Gotham,  2013 ). The initial 
SCQ validation study conducted by Berument et al. ( 1999 ) included 160 individuals 
previously diagnosed with ASD and 40 without ASD. Participants ranged from ages 
4 to 40 years old and were primarily British. Sensitivity and specifi city were high, 
with values of .85 and .75, respectively. Subsequent  in  vestigations, which focused 
on younger participants (2–16 years old) and included American samples, showed 
mixed fi ndings. Chandler et al. ( 2007 ) reported comparable sensitivity (.88) and 
specifi city (.72) in children between the ages of 9 and 10 years old. Eaves, Wingert, 
Ho, and Mickelson ( 2006 ) also reported moderate sensitivity (.71) and specifi city 
(.79) in a study with children between ages 3 and 7 years old; however, in a related 
study with children between the ages 4 and 6 years old, Eaves et al. ( 2006 ) reported 
lower sensitivity (.74) and specifi city of (.54). The work of Corsello et al. ( 2007 ) 
provides further evidence to suggest age plays a role in the accuracy of the measure: 
higher sensitivity was found when the SCQ was used to screen children 11 years 
and older (.80), compared to children under the age of 5 years (.68). Although the 
utility of the SCQ has been primarily studied in the context of at-risk populations, 
there is some evidence to suggest it may also be an effective population-based 
screening tool (Chandler et al.,  2007 ). 

 The SRS-2 is a 65-item rating scale for parents and teachers. Items address char-
acteristics of autism and total scores discriminate between people with and without 
ASD. Like the SCQ, the SRS is strongly correlated with validated diagnostic mea-
sures, such as the ADI-R ( r  = .65–.77; Constantino et al.,  2003 ). Several studies have 
shown that the SRS-2 effectively discriminates between children with ASD, non- 
ASD disorders, and those whom are typically developing. Constantino et al. ( 2004 ) 
reported high sensitivity (.85) and specifi city (.75) in their sample of 259 children 
with ASD and non-spectrum disorders. In a later study of 119 children between 9 
and 13 years of age, Charman et al. ( 2007 ) reported sensitivity of .78 and specifi city 
of .67. German and Japanese translations of the SRS-2 have also been studied 
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(Bölte, Westerwald, Holtmann, Freitag, & Poustka,  2011 ; Kamio et al.,  2013 ). 
When comparing ASD and non-spectrum disorders with the German version, sen-
sitivity was .80 and specifi city was .69 (Bölte et al.,  2011 ). For the Japanese version, 
indices were contrasted across girls and boys, with alternate cutoff points used for 
each group. The results show the measure performed equally well with girls and 
boys. Sensitivity for girls was .32 and specifi city was .95; sensitivity for boys was 
.23 and specifi city was .96 (Kamio et al.,  2013 ). 

 The CARS2 (Schopler et al.,  2010 ) is a clinician rating system for detecting 
symptoms of ASD. The CARS2 is comprised of standard (CARS2-ST) and high- 
functioning (CARS2-HF) forms. The CARS2-ST is for children between the ages 2 
and 5 years old and older  individua  ls with below average intellectual functioning. 
The CARS2-HF is for children 6 years and older who are verbally fl uent and have 
IQ in the Low Average range, or higher. The CARS2 ratings are based on an unstruc-
tured observation session and information gathered from a caregiver (Schopler 
et al.,  2010 ). The CARS2 has strong technical properties. Data obtained from the 
verifi cation sample indicate the indices of sensitivity (.81) and specifi city (.87) are 
strong. Correlations between the CARS and other autism instruments are high, and 
the original CARS was used extensively in clinical intervention to monitor symp-
tom severity (Schopler et al.,  2010 ). 

 The GARS-3 is a clinician-rated scale for children 3–22 years old. The GARS-3 
is based on the DSM-5 criteria for ASD. Similar to the CARS2, scores are classifi ed 
by likelihood of ASD and severity of symptoms. To date, no  i  ndependent replication 
studies have been published on the sensitivity and specifi city of the GARS-3. Past 
reports of the GARS (Gilliam,  1995 ) and GARS-2 (Gilliam,  2006 ) have generally 
found low sensitivity and specifi city, and thus indicate limited clinical utility (Norris 
& Lecavalier,  2010 ; Pandolfi , Magyar, & Dill,  2010 ; Sikora, Hall, Hartley, Gerrard- 
Morris, & Cagle,  2008 ). 

 The  Screening Test for Autism   in 2-Year-Olds (STAT; Stone Coonrod, & Ousley, 
 2000 ) is a level two screener for children between the ages of 24 and 36 months. The 
STAT involves direct assessment by a clinician. It is comprised of 12 items that cover 
four domains: play, requesting, directing attention, and motor imitation. Although 
the STAT is completed by a clinician, it is relatively brief and does not require sub-
stantial training. Psychometric data are not widely available for the STAT. 

 Although they CARS and GARS are intended for screening, they are sometimes 
used in clinical practice as diagnostic tools (Bishop, Luyster, et al.,  2008 ). The 
CARS2 and GARS-3 may be appealing to clinicians because they are time-effi cient 
and require minimal training to administer. However, these instruments should not 
be used in place of robust diagnostic instruments, as described below.   

    Diagnosing ASD 

 Children who perform below an established cut-off score on a level two screening, 
and those who demonstrate unusual patterns of development should receive an in- 
depth diagnostic assessment using validated instruments (see Table  2.3 ). Evidence 
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suggests clinical diagnoses of ASD can be made reliably as early as 2 years (Cox 
et al.,  1999 ; Kleinman et al.,  2008 ; Lord,  1995 ). Because there are not yet biological 
markers for ASD, the gold standard for diagnosing ASD in a child is a best-estimate 
 clinical diagnosis  , provided by qualifi ed and experienced clinicians (Chawarska, 
Klin, Paul, & Volkmar,  2007 ; Klin, Lang, Cicchetti, & Volkmar,  2000 ; Stone et al., 
 1999 ). Several areas of functioning are impacted by ASD and therefore the process 
of diagnosing ASD is complex and requires a multidimensional approach (Lord & 
Corsello,  2005 ). The National Research Council ( 2001 ) recommends that the iden-
tifi cation of ASD include a “multidisciplinary evaluation of  social behavior  , lan-
guage, and nonverbal  communication  ,  adaptive behavior  ,  motor skills  ,  atypical 
behaviors  , and  cognitive status   by a team of professionals experienced with autism 
spectrum disorders” (p. 214). To this end, clinicians use assessment data collected 
through ratings scales, semi-structured interviews, and clinical observation to make 
ASD diagnoses (Bishop, Luyster et al.,  2008 ; Lord, Petkova et al.,  2012 ). Integrating 
information from multiple sources (e.g., caregivers, teachers and experienced clini-
cians) is especially useful for complex cases (Kim & Lord,  2012a ).

      Autism Diagnostic Tools 

 The Autism Diagnostic  Intervie  w-Revised (ADI-R; Lord et al.,  1994 ) is the most 
widely used instrument for making diagnoses of ASD in individuals with a nonver-
bal mental age above 24 months (Rutter, Le Couteur, et al.,  2003 ). The ADI-R is 
comprised of 93 items that address (a) background information and early develop-
ment (e.g., family, education, previous diagnoses, and medications); (b) communi-
cation; (c) reciprocal interactions; (d) restricted, repetitive behaviors and interests; 
and (e) general behavior. The majority of items include separate codes to account 
for the target behavior at different points in the child’s life, such as the present time, 
between the child’s fourth and fi fth birthday, and when the behavior was regarded 
as most atypical. Clinicians score individual items based on their judgments about 
the target behavior (e.g., presence and severity). Appropriate use of the ADI-R is 
dependent on correct administration and accurate interpretation of informant 
responses. Therefore, specialized training is required to learn the administration and 
coding procedures (Lord et al.,  1994 ). 

 In addition to scoring individual items, clinicians complete  diagnostic algorithms   
based on the child’s language level. The algorithms, which include the ADI-R items 
that most closely map onto the clinical descriptions and diagnostic guidelines, 
provide cutoff scores for determining classifi cation (Lord et al.,  1994 ). In order to 
reach the ADI-R classifi cation of “autism,” individuals must meet or exceed the 
algorithm thresholds in communication, social reciprocity, and restricted, repetitive 
behaviors and interests; they must also have evidence of onset before 36 months 
(Rutter, Le Couteur, et al.,  2003 ). The algorithms for children 4 years and older 
have not changed since they were originally published by Western Psychological 
Association (WPS) in 2003; however, several investigators have proposed alternate 
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thresholds to identify the more broadly defi ned ASD, rather than autism only (e.g., 
International Molecular Genetic Study of Autism Consortium,  2001 ; Risi et al., 
 2006 ; Sung et al.,  2005 ). Adapting the original algorithm to refl ect a wider range of 
symptoms is particularly pressing in light of the DSM-5 diagnostic criteria for ASD 
(De Bildt et al.,  2013 ). 

 A ‘Toddler’ version of the ADI-R has also been developed for children 4 years 
and younger with a nonverbal mental age above 10 months. This version includes 
32 new items that assess the onset of symptoms and the child’s general development 
(Kim & Lord,  2012b ). All other items in the Toddler ADI-R are identical to the 
standard ADI-R, with the exception of codes for behaviors observed between the 
fourth and fi fth birthday (theses are omitted from the Toddler ADI-R). Although the 
Toddler ADI-R has been used in research for several years, it is not yet published. 

 Risi et al. ( 2006 ) assessed the sensitivity and specifi city of the ADI- R   for chil-
dren 3 years and older using a sample from the U.S. ( N  = 960) and Canada ( N  = 232). 
Results indicate the ADI-R has strong sensitivity (.89–.95) and adequate specifi city 
(.56–.59) when discriminating autism plus other spectrum disorders from non- 
spectrum disorders (Risi et al.,  2006 ). De Bildt et al. ( 2013 ) found comparable 
results in their sample of Dutch children ( N  = 1204). However, the ADI-R has been 
found to be less effective at identifying children whose mental age is below 24 
months, and those with profound intellectual disability (Chawarska, Klin, et al., 
 2007 ; Cox et al.,  1999 ; Lord,  1995 ; Risi et al.,  2006 ). Although the ADI-R accu-
rately differentiates between ASD and other developmental disorders in older pre-
school and school-age children, several investigators have reported lower sensitivity 
for toddlers, due to subthreshold scores in the area of restricted, repetitive behaviors 
and interests (Chawarska, Klin, et al.,  2007 ; Cox et al.,  1999 ; Ventola et al.,  2006 ; 
Wiggins & Robins,  2008 ). 

 In response, Kim and Lord ( 2012b ) created new diagnostic algorithms for tod-
dlers and early preschool students using assessment data from 829 children between 
the ages of 12 and 47 months. These algorithms include only items represented in 
both standard and toddler versions (Kim & Lord,  2012b ). Distinct cutoff scores for 
research and clinical purposes were created. While the clinical cutoffs were selected 
to maximize sensitivity and maintain adequate specifi city (above .70) for the com-
parison of ASD to non-spectrum disorders, research cutoffs were selected to maxi-
mize specifi city (above .80) and maintain adequate sensitivity for the comparison 
of a narrower defi nition of ASD (e.g., autism) to non-spectrum disorders. Scores 
on the Toddler algorithm fall into two categories, which complement the DSM-5 
criteria for ASD: social communication and restricted and repetitive behaviors and 
interests. They also correspond to three ranges of concern based ASD symptom 
severity: Little-to-No Concern, Mild-to-Moderate Concern, and Moderate-to-
Severe Concern. 

 Kim, Thurm, Shumway, and Lord ( 2013 ) confi rmed the diagnostic validity of the 
 toddler algorithms   in their replication study using two large independent samples 
provided by research sites in the U.S. and Canada. Across both datasets, and taking 
into account characteristics of age and language level, when applying the clinical 
cutoff score, sensitivity for ASD compared to non-spectrum disorders ranged from 
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.89 to .97 and specifi city ranged from .58 to .94. The research cutoff for autism 
yielded sensitivity and specifi city ranges of .69–.97 and .64–.94, respectively. 

 The  Autism Diagnostic Observation Schedule, Second Edition (ADOS-2)   is a 
semi-structured observational assessment for diagnosing ASD. The ADOS-2 is a 
revision of the Autism Diagnostic Observation Schedule ( ADO  S; Lord, Rutter, 
DiLavore, & Risi,  1999 ) and is presented in two parts: ADOS-2 Modules 1–4 (Lord, 
Rutter, et al.,  2012 ) and ADOS-2 Toddler Module (Lord, Luyster, et al.,  2012 ). It 
includes fi ve development and language-dependent assessment modules across both 
parts, which support its use with toddlers, school age children, and adults with a 
range of abilities (Lord, Rutter, et al.,  2012 ). The appropriateness of a given module 
relies on the individual’s age, verbal abilities, and interests (see Table  2.4 ). Currently, 
Lord and Hus are conducting validity testing for an adapted protocol, which is 
intended for use with older individuals with limited language.

   The Diagnostic Interview for Social and Communication Disorders ( DISC  O; 
Wing et al.,  2002 ) and the Development, Diagnostic and Dimensional Interview, 
Third Edition (3di; Skuse et al.,  2004 ) are other interview systems used to diagnosis 
ASD. The DISCO (Wing et al.,  2002 ) is a semi-structured standardized interview 
comprised of 362 items that target ASD and related developmental and psychiatric 
disorders. Administration is approximately 3 h (Wing et al.,  2002 ). Although the 
DISCO was designed for the purpose of systematically collecting information about 
a child’s presenting symptoms and informing treatment recommendations, it also 
contains algorithms for diagnostic classifi cation. Studies of the DISCO conducted 
in the US and Sweden (Nygren et al.,  2009 ; Wing et al.,  2002 ) revealed robust sen-
sitivity (.82–1) and good specifi city (.55–.83) for discriminating ASD from non- 
spectrum disorders. 

 The 3di (Skuse et al.,  2004 ) is a computer-based standardized parent interview 
administered face-to-face by a trained clinician. It’s comprised of mandatory and 
optional modules, including the  Pervasive Developmental Disorder (PDD) Module  , 
which targets ASD symptoms. The PDD Module takes approximately 90 min to 
complete. When comorbid symptoms are present, examiners administer additional 
modules. Following the interview, computer-generated reports are provided to 
inform diagnosis (Skuse et al.,  2004 ). In contrast to semi-structured diagnostic 
interviews (e.g., ADI-R, DISCO),  the   3di requires minimal training to administer 
(Skuse et al.,  2004 ). Further, fi ndings from Skuse et al.’s ( 2004 ) original paper of 
120 children indicate the 3di accurately discriminated between children with ASD, 

   Table 2.4    Guidelines for selecting)    ADOS-2 modules   

 ADOS-2 module  Chronological age range  Expressive language level 

 Toddler  12–30 months  No speech, single words 
 1  31 months and older  No speech, single words 
 2  Any age  Phrase speech 
 3  Child, young adolescent)     Fluent speech 
 4  Older adolescent, adult  Fluent speech 
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children with non-spectrum disorders, and typically developing children with very 
high sensitivity (.98) and specifi city (1). Psychometric properties are also strong for 
the abbreviated 3di (3di-sv; Santosh et al.,  2009 ). The DISCO and 3di show great 
promise however; further study is necessary to truly understand their utility for 
diagnosing in ASD across clinical populations and settings. 

 The ADOS-2 is a 40–60 min play and activity based standardized assessment for 
observation of social and communication behaviors relevant to the clinical diagno-
sis of ASD (e.g., eye contact, gestures, social overtures and responses, sensory 
interests, restricted and repetitive behaviors, and others). During the ADOS-2, 
examiners deliver structured and semi-structured presses for social interaction and 
then code behaviors associated with particular test items. Examiners also give rat-
ings of their overall impressions of the child’s social communication skills (Lord, 
Rutter, et al.,  2012 ). 

 In the updated revision, the authors provide unique algorithms for each of the 
fi ve modules. Each module has a new algorithm in the ADOS-2, with the exception 
of Module 4; the Module 4 algorithm in the ADOS-2 is identical to the Module 4 
algorithm in the original ADOS. However, Hus and Lord ( 2014 ) released a revised 
Module 4 algorithm shortly after the ADOS-2 was published by WPS. All future 
mentions of the Module 4 algorithm are in reference to the Hus and Lord ( 2014 ) 
algorithm. 

 For Modules 1 through 4, the algorithms provide cutoff score for determining 
instrument classifi cation. Keeping in-line with the DSM-5 diagnostic  criteria  , the 
ADOS-2 algorithms for Modules 1 through 4 provide thresholds for autism  and  
ASD based on the domains of “social affect” and “restricted and repetitive behav-
ior” (Hus & Lord,  2014 ; Lord, Rutter, et al.,  2012 ). They also provide Comparison 
Scores, which indicate an individual’s severity of autism spectrum-related symp-
tomatology compared to children with ASD who are the same age and language 
level. ADOS-2 Comparison Scores range from 1 to 10 and correspond to the follow-
ing interpretive categories: Minimal-to-No Evidence, Low Level, Moderate Level, 
and High Level. These standardized severity scores not only assist clinicians in 
formulating their clinical impressions, but they also afford them the opportunity to 
monitor changes in an individual’s presentation over time (Hus & Lord,  2014 ; Lord, 
Rutter, et al.,  2012 ). 

 Much like its companion measure, the Toddler ADI-R, the ADOS-2 Toddler 
Module algorithm takes a more cautious approach to summarizing symptoms by 
providing three ranges of concern, rather than diagnostic classifi cation. This 
approach is ideal for the Toddler Module because it refl ects the uncertainty of diag-
nosis in young children based on clinical observation alone (Lord, Luyster, et al., 
 2012 ). 

 The fi rst step in the ADOS-2 revision process was to improve the diagnostic 
validity of the ADOS algorithms. Gotham, Risi, Pickles, and Lord ( 2007 ) used a 
large sample ( N  = 1139) of children and adolescents aged 14 months to 16 years to 
update the algorithms for Modules 1 through 3. Approximately one third of the 
participants had enrolled in earlier studies and therefore were linked to data from 
multiple ADOS administrations. In total, 1630 assessments comprised of an ADOS 
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administration, a measure of verbal IQ, and the best-estimate clinical diagnosis 
were reviewed. Two comparisons were conducted: autism versus non-spectrum 
cases ( n  = 1157) and non-autism ASD versus non-spectrum cases ( n  = 685). The 
results of Gotham et al.’s ( 2007 ) analyses indicate that across modules, for children 
with a nonverbal mental age above 15 months, the new algorithms demonstrated 
adequate sensitivity (.72–.97) for both diagnostic comparisons. Specifi city was also 
very high for discriminating autism from non-spectrum disorders (.84–.95). 
Specifi city was slightly lower for discriminating non-autism ASD from non- 
spectrum disorders, though it was still strong (.76–.83). 

 A replication study by Gotham et al. ( 2008 ) confi rmed the predictive validity of 
the algorithms for Modules 1 through 3. In this multisite study, data from 1282 
cases were reviewed. Sensitivity was high for autism versus non-spectrum disorders 
comparisons (.82–.94) though slightly lower for non-autism ASD versus non- 
spectrum disorders comparisons (.60–.95). As expected, specifi city was very high 
for discriminating autism from non-spectrum disorders (.80–1) and slightly lower 
for discriminating non-autism ASD from non-spectrum disorders (.75–1). 

 Hus and Lord ( 2014 ) demonstrated strong sensitivity and specifi city for the 
ADOS-2 Module 4 algorithm in their sample of 393 young adolescents and adults 
( M  = 21.56) with 437 assessments. Overall, the revised algorithm demonstrated very 
high sensitivity (.95) and specifi city (.82) for discriminating between individuals 
with ASD and non-ASD disorders. 

 The  ADOS-2 Toddler validation sample   included 182 young children between 
the ages of 12 and 30 months. Many children were enrolled in longitudinal studies 
resulting in multiple assessments. In total, 360 comprehensive evaluations com-
prised of the ADI-R, standardized cognitive and language testing, and best-estimate 
clinical diagnosis were analyzed. Children were assigned to one of two develop-
mental groups, based on their chronological age and language ability: (a) children 
between the ages of 12 and 30 months with few to no words and (b) children between 
the ages of 21 and 30 months with some words. Sensitivity and specifi city were 
excellent for both developmental groups. For the group of children with few to 
words, sensitivity for contrasting ASD cases with non-spectrum plus typically 
developing cases was .91 and specifi city was .94. For the group with some words, 
sensitivity for contrasting ASD cases with non-spectrum plus typically developing 
cases was .88 and specifi city was .94. 

 Although the ADI-R and ADOS-2 provide some overlapping information, they 
lead to more accurate diagnostic formulations in young children and adolescents 
when used in combination, rather than individually (De Bildt et al.,  2004 ,  2013 ; 
Kim & Lord,  2012a ; Le Couteur, Haden, Hammal, & McConachie,  2008 ; Risi et al., 
 2006 ). In effect, the sensitivity and specifi city for the combined use of the two mea-
sures is better balanced than each instrument’s individual properties (Kim & Lord, 
 2012a ; Risi et al.,  2006 ). Consequently, experts in the fi eld recommend the use of 
both the ADI-R and ADOS-2 to inform diagnostic decision-making (Kim & Lord, 
 2012a ; Risi et al.,  2006 ). In addition to complementing each other well, the ADI-R 
and ADOS-2 represent the most rigorously evaluated diagnostic tools for 
ASD. Although other measures show great promise, they have not undergone the 
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same degree of testing. When selecting diagnostic instruments, clinicians should 
carefully review the available research, including independent replication studies, 
and compare fi ndings with their goals for assessment.  

    Developmental Assessment 

 In addition to administering instruments that target ASD symptoms, clinicians 
should complete a  developmental assessment   using a core battery that includes tests 
of cognitive abilities, language skills, and adaptive functioning, to inform diagnosis 
(Ozonoff, Goodlin-Jones, & Solomon,  2005 ). Such measures provide a context for 
determining whether or not a child’s social, communication and play behaviors are 
developmentally appropriate (Bishop, Luyster et al.,  2008 ). They also provide infor-
mation relevant to effective treatment planning. The Mullen Scales of Early Learning 
(MSEL; Mullen,  1995 ) and the Differential Ability Scales, Second Edition (DAS- II  ; 
Elliott,  2007 ) are two cognitive tests that are frequently used in research and clinical 
evaluations for children suspected of ASD (Akshoomoff,  2006 ; Bishop, Guthriec, 
Coffi ng, & Lord,  2011 ; Lord, Petkova et al.,  2012 ). Both of these measures are ideal 
for testing children suspected of ASD because they involve lesser demands for lan-
guage compared to cognitive tests used in typically developing populations, such as 
the Wechsler Preschool and Primary Scale of Intelligence, Third Edition (WPPSI- 
III; Wechsler,  2002 ) and the Wechsler Intelligence Scale for Children, Fourth 
Edition (WISC-IV; Wechsler,  2003 ). 

 The MSEL is a comprehensive developmental assessment for infants and pre-
school children from birth to 68 months (Mullen,  1995 ). It provides a global esti-
mate of intellectual functioning, in addition to subtest scores in fi ve core areas: 
expressive language, receptive language, visual problem solving, fi ne motor skills, 
and gross motor scores. Data from multiple studies demonstrate the MSEL has good 
internal, test-retest, and inter-rater reliabilities, along with adequate internal consis-
tency (Mullen,  1995 ). Comparisons to other established measures, such as the 
Bailey Scales for Infant Development (BSID; Bayley,  2005 ), confi rm the validity of 
the MSEL as an effective measure of global cognitive ability. 

 The DAS-II is also commonly used to assess cognitive abilities in children sus-
pected of ASD. The DAS-II is a revision of the DAS,  which   was published in 1990 
(Elliott,  1990 ). The DAS-II is appropriate for children between the ages of 2 and 17. 
It’s comprised of two batteries, based on age: Early Years (ages 2–6) and School- 
Age (ages 7–17). Each battery contains ten core subtests plus ten diagnostic sub-
tests. Data from DAS-II validity studies indicate that it has strong psychometric 
properties, including internal, test-retest, and interrater reliabilities (Elliott,  2007 ). 
It also demonstrates adequate convergent validity with other established measures, 
such as the WPPSI-III (Wechsler,  2002 ) and WISC-IV (Wechsler,  2003 ). Finally, 
several subtests have extended norms, which increase its application to children 
with a broad range of abilities (Sattler,  2008 ). 
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 Assessment of  adaptive functioning   is also crucial during autism diagnostic 
assessments. Adaptive skills are defi ned as conceptual, social, and practical skills 
that children develop in order to function in everyday situations (American 
Association on Intellectual and Developmental Disabilities,  2013 ). Assessment of 
adaptive functioning is critical to diagnosing ASD because it allows clinicians to 
appraise how the children’s cognitive assets translate into successful functioning in 
everyday life (Saulnier & Klin,  2007 ). One of the most extensive and commonly 
used measures of adaptive functioning in children is the Vineland Adaptive Behavior 
Scales, Second Edition (Vineland-II; Bishop, Luyster et al.,  2008 ; Sparrow, 
Cicchetti, & Balla,  2006 ). The Vineland-II system contains interview and rating 
forms that can be used with parents and teachers, and it is normed for people from 
birth through 90 years. The scales of the Vineland-II correspond to broad domains 
of adaptive functioning: communication, daily living skills, and socialization. 
Supplemental sections address  motor skills and maladaptive behavior  .  

    Considerations for High-Risk Siblings 

 Practitioners should be particularly  vigilant   of children who have older siblings 
diagnosed with ASD. Studies have consistently shown that children with older sib-
lings on the spectrum are at an increased risk for the disorder, due to its strong 
genetic basis (Chakrabarti & Fombonne,  2001 ; Constantino et al.,  2013 ; Ozonoff 
et al.,  2011 ). Recent fi ndings from Ozonoff et al.’s ( 2011 ) prospective study of 664 
infants, suggest the recurrence rate is as high as 18.7 %. In light of these fi ndings, 
considerable attention has been directed toward identifying ASD in high-risk 
infants. 

 The  Autism Observation Scale for Infants (AOSI)   is a 20-min behavioral obser-
vation system developed by Bryson et al. ( 2000 ) to detect symptoms of ASD in 
high-risk infants (e.g., 6–18 months) with older siblings on the spectrum. Unlike the 
ADOS-2, The AOSI was created for research purposes only, specifi cally, to provide 
a method for systematically studying symptoms of ASD in early life (Bryson et al., 
 2000 ). Although the measure is not yet recommended for clinical and diagnostic use 
due to low sensitivity, it has been shown to reliably measure the behavioral signs of 
ASD in very young high-risk sibling populations (Bryson & Zwaigenbaum,  2014 ).  

    Novel Approaches to Diagnostic Assessment 

 More research has recently focused on novel approaches to diagnostic assessment. 
Diagnostic  biomarkers   are being studied more intensely, with potential promise 
for identifying autism before behavioral indicators are reliably present. Separately, 
 computer-aided diagnosis   is being used to screen for autism more quickly and 
reduce the burden of screening and comprehensive diagnostic assessment. 

2 Early Diagnostic Assessment



36

Biomarkers are biological indicators of the presence of ASD. Although candi-
date biomarkers to date have not been sensitive enough and continue to be quite 
expensive and/or laborious (Walsh, Elsabbagh, Bolton, & Singh,  2011 ), research-
ers continue to study several different possibilities. These include  gene expression 
profi les   from blood samples, proteomic profi les from serum samples, metabolo-
mics profi les from urine samples, hormonal markers, immunological markers, 
morphological markers such as head size, electrophysiological markers, neuro-
anatomical markers such as brain size and structure, brain function, and neuro-
psychological markers such as visual scanning (Ruggeri, Sarkans, Schumann, & 
Persico,  2013 ; Voineagu & Yoo,  2013 ; Walsh et al.,  2011 ). Given that the  biologi-
cal underpinnings   of ASD appear to be complex, it is likely that a panel of bio-
markers will prove to have higher sensitivity than any single biomarker (Anderson, 
 2015 ; Ruggeri et al.,  2013 ). Selecting a subgroup of individuals with ASD may 
have more promise than searching for a biomarker applicable to all individuals 
(Voineagu & Yoo,  2013 ). Large biobanks, such as the Simons Simplex Collection 
and the Autism Genetic Resource Exchange, which contain biological data from 
individuals diagnosed with ASD using gold-standard instruments, will be helpful 
in generating these panels (Ruggeri et al.,  2013 ). This research also has implicated 
for targeted psychopharmacological treatment based on an individual’s neurode-
velopmental pathology (Ruggeri et al.,  2013 ). The research community has been 
vocal about the potential for ethical considerations with respect to the use of bio-
markers (Anderson,  2015 ; Voineagu & Yoo,  2013 ). 

  Computer-aided diagnosis   is another novel approach to diagnostic assessment 
currently being researched. These efforts are based on the concept of using artifi cial 
intelligence to mine available data. The artifi cial intelligence technology discerns 
patterns that allow it to make decisions that are reliable with trained experts. One 
such tool has been used to create a 5-min online questionnaire that caregivers fi ll out 
and preliminary results have found very high sensitivity and high specifi city (Duda, 
Kosmicki, & Wall,  2014 ). Other computer-aided diagnostic tools make a digital 
real-time map of an individual’s movements in space, which have been found to be 
associated with an ASD diagnosis (Hashemi et al.,  2012 ; Torres et al.,  2013 ). These 
innovations may eventually make it possible to create effi cient screening and diag-
nostic tools that are can be disseminated to large groups of people.   

    Future Research 

 Diagnostic assessment is a well-researched topic in ASD; however, there are several 
future research directions for this topic. Foundationally, efforts are currently being 
made to capture more accurate prevalence data. Current sampling methods vary 
widely across studies and therefore limit comparisons across subgroups and com-
parisons within subgroups over time. The recent changes to the DSM diagnostic 
criteria may allow for more standardization that will improve comparability of prev-
alence research. The question of whether incidence of ASD is actually rising can 
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only be answered with better designed research that controls for the systematic 
biases in prevalence data. 

 While several screeners are available for general developmental delay and for 
ASD, there is limited psychometric data or poor psychometric data available on 
many widely distributed screeners. Further study is important to refi ne these tools 
and understand which screeners are best suited for which populations. It is particu-
larly important, given the consistent fi nding that some populations are under- 
identifi ed with ASD, to focus on designing and validating screeners in special 
populations. The diagnostic instruments for ASD continue to be a relatively high 
clinical burden, requiring a great deal of training, time, and clinician expertise. 
Continued research is necessary to design tools that reduce this burden to make 
comprehensive diagnosis accessible to more families and to exert downward pres-
sure on the age of diagnosis to ensure early intervention is available to all children 
with ASD. Research on novel approaches, including biomarkers and computer- 
aided diagnosis, is being conducted with larger and larger datasets and may yield 
more effi cient diagnostic tools. 

 Although enormous  public health efforts   have been made to introduce and 
improve universal screening for ASD, these initiatives have not been carefully eval-
uated for effectiveness over the long-run. It is important that universal screening 
initiatives are designed to specifi cally address the reported barriers to obtaining an 
accurate, timely diagnosis of ASD. Screening initiatives have primarily focused on 
pediatricians, and preliminary results suggest that multi-pronged approach, where 
non-medical professionals are also trained to look for signs of developmental delay, 
may be more effective. Longer-term studies need to follow not just screening rates, 
but referral, entrance, and engagement with treatment. It is important to understand 
whether early screening is translating into children accessing evidence-based treat-
ments. Work in this vein should also study how early diagnosis truly affects treat-
ment trajectories and outcomes in the long run, to help the fi eld understanding how 
much earlier diagnoses need to occur to have real effects for the child and family.  

    Implications for Practitioners and/or Families 

 Accurate, early diagnosis is the key to early intensive evidence-based treatment for 
children with ASD. Research suggests that, while the prevalence of ASD continues 
to grow, there are several barriers for families seeking diagnosis. A multi-pronged 
strategy is important to identify children at risk for ASD. 

  Aggressive, routine screening   is recommended for young children, given that 
research shows that developmental delay may be present in the absence of either 
parent or physician concern. Given physician concerns about familiarity, time, and 
cost of using screeners, public health interventions for physician training continue 
to be important. Training should focus on identifying level one or level two screen-
ers that are appropriate for community practices and how to accurately use these 
screeners. In addition, given the evidence the pediatric practices do not routinely 
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screen, and that screening in non-medical settings is also effective in capturing 
developmental delay, public health efforts should equip schools and other commu-
nity centers with training. Research shows that even children who screen positive 
for a developmental delay may not be referred for further evaluation or treatment. 
Training efforts therefore cannot stop teaching how to screen, but must also teach 
next steps. 

 It is particularly important that practitioners and families remain aware that cer-
tain sociodemographic markers, including minority status and lower socioeconomic 
status, are associated with greater delays to screening, diagnosis and treatment. It is 
unclear whether this is due to different symptom presentation in these groups, dif-
ferent levels of awareness or recognition in the family or clinician, or other potential 
infl uences. Regardless, training efforts should focus on the importance of capturing 
all children with a developmental delay and include strategies for screening and 
referring children and families in these risk groups.     

   References 

    Akshoomoff, N. (2006). Use of the Mullen Scales of Early Learning for the assessment of young 
children with autism spectrum disorders.  Child Neuropsychology, 12 , 269–277.  

   American Association on Intellectual and Developmental Disabilities. (2013).  Defi nition of intel-
lectual disability . Retrieved from   http://www.aaidd.org/content_100.cfm      

    American Psychiatric Association. (2013).  Diagnostic and statistical manual of mental disorders  
(5th ed.). Washington, DC: Author.  

     Anderson, G. M. (2015). Autism biomarkers: Challenges, pitfalls and possibilities.  Journal of 
Autism and Developmental Disorders, 54 , 1103–1113.  

    Baghdadli, A., Picot, M. C., Pascal, C., Pry, R., & Aussilloux, C. (2003). Relationship between age 
of recognition of fi rst disturbances and severity in young children with autism.  European Child 
and Adolescent Psychiatry, 12 , 122–127.  

   Baird, G., Charman, T., Baron-Cohen, S., Cox, A., Swettenham, J., Wheelwright, S., & Drew, A. 
(2000). A screening instrument for autism at 18 months of age: A 6-year follow-up study. 
 Journal of the American Academy of Child and Adolescent Psychiatry ,  39 , 694–702.  

    Barbaresi, W. J., Colligan, R. C., Weaver, A. L., & Katusic, S. K. (2009). The incidence of clini-
cally diagnosed versus research-identifi ed autism in Olmstead County, Minnesota, 1976–1997: 
Results from a retrospective, population-based study.  Journal of Autism and Developmental 
Disorders, 39 , 464–470.  

      Baron-Cohen, S., Allen, J., & Gillberg, C. (1992). Can autism be detected at 18 months? The 
needle, the haystack, and the CHAT.  The British Journal of Psychiatry, 161 , 839–843.  

   Baron-Cohen, S., Cox, A., Baird, G., Swettenham, J., Nightingale, N., Morgan, K., Drew, A., & 
Charman, T. (1996). Psychological markers in the detection of autism in infancy in a large 
population.  The British Journal of Psychiatry, 168,  158–163.  

    Baron-Cohen, S., Scott, F. J., Allison, C., Williams, J., Bolton, P., Matthews, F. E., & Brayne, C. 
(2009). Prevalence of autism-spectrum conditions: UK school-based population study.  The 
British Journal of Psychiatry, 194,  500–509.  

    Barton, M., Dumont-Mathieu, T., & Fein, D. (2012). Screening young children for autism spec-
trum disorders in primary practice.  Journal of Autism and Developmental Disabilities, 42 , 
1165–1174.  

    Baxter, A. J., Brugha, T. S., Erskine, H. E., Scheurer, R. W., Vos, T., & Scott, J. G. (2014). The 
epidemiology and global burden of autism spectrum disorders.  Psychological Medicine, 45 , 
601–613.  

S. Kuriakose and R. Shalev

http://www.aaidd.org/content_100.cfm


39

    Bayley, N. (2005).  Bayley scale of infant development . San Antonio, TX: Harcourt Assessment.  
     Berument, S. K., Rutter, M., Lord, C., Pickles, A., & Bailey, A. (1999). Autism screening question-

naire: Diagnostic validity.  The British Journal of Psychiatry, 175 , 444–451.  
    Bishop, S. L., Guthriec, W., Coffi ng, M., & Lord, C. (2011). Convergent validity of the mullen 

scales of early learning and the differential ability scales in children with autism spectrum 
disorders.  American Journal on Intellectual and Developmental Disabilities, 116 , 331–343.  

        Bishop, S. L., Luyster, R., Richler, J., & Lord, C. (2008). Diagnostic assessment. In K. Chawarska, 
A. Klin, & F. R. Volkmar (Eds.),  Autism spectrum disorders in infants and toddlers  (pp. 23–49). 
New York, NY: Guilford Press.  

    Bishop, D. V., Whitehouse, A. J., Watt, H. J., & Line, E. A. (2008). Autism and diagnostic substitu-
tion: Evidence from a study of adults with a history of developmental language disorder. 
 Developmental Medicine & Child Neurology, 50 , 341–345.  

   Blumberg, S. J., Bramlett M. D., Kogan M. D., Schieve, L. A., Jones, J. R., & Lu, M. C. (2013). 
Changes in prevalence of parent-reported autism spectrum disorder in school-aged U.S. chil-
dren: 2007 to 2011–2012.  National health statistics reports  (no 65). Hyattsville, MD: National 
Center for Health Statistics.  

     Bölte, S., Westerwald, E., Holtmann, M., Freitag, C., & Poustka, F. (2011). Autistic traits and 
autism spectrum disorders: The clinical validity of two measures presuming a continuum of 
social communication skills.  Journal of Autism and Developmental Disorders, 41 , 66–72.  

      Bryson, S. E., McDermott, D., Rombough, V., Brian, J., & Zwaigenbaum, L. (2000).  The autism 
observation scale for infants . Toronto, ON: Unpublished Scale.  

    Bryson, S. E., & Zwaigenbaum, L. (2014). The AOSI and its development. In V. B. Patel, V. R. 
Preedy, & C. R. Martin (Eds.),  Comprehensive guide to autism  (pp. 299–310). New York, NY: 
Springer Science.  

    Cavagnaro, A. (2009). Autistic spectrum disorders changes in the California caseload an update: 
June 1987-June 2007.  California Department of Developmental Services, 19 , 536–551.  

     Centers for Disease Control. (2012). Prevalence of autism spectrum disorders—Autism and devel-
opmental disabilities monitoring network, 14 sites, United States, 2008.  Morbidity and 
Morality Weekly Report Surveillance Summaries, 61 , 1–19.  

         Centers for Disease Control. (2014). Prevalence of Autism Spectrum Disorder among children 
aged 8 years—Autism and Developmental Disabilities Monitoring Network, 11 sites, United 
States, 2010.  Morbidity and Mortality Weekly Report. Surveillance Summaries, 63 , 1–22.  

    Chakrabarti, S., & Fombonne, E. (2001). Pervasive developmental disorders in preschool children. 
 JAMA: Journal of the American Medical Association, 285 , 3093–3099.  

    Chandler, S., Charman, T., Baird, G., Simonoff, E., Loucas, T., Meldrum, D., … Pickles, A. (2007). 
Validation of the social communication questionnaire in a population cohort of children with 
autism spectrum disorders.  Journal of the American Academy of Child and Adolescent 
Psychiatry ,  46 , 1324–1332.  

   Charman, T., Baird, G., Simonoff, E., Loucas, T., Chandler, S., Meldrum, D., & Pickles, A. (2007). 
Effi cacy of three screening instruments in the identifi cation of autistic-spectrum disorders.  The 
British Journal of Psychiatry ,  191 , 554–559.  

     Charman, T., & Gotham, K. (2013). Measurement issues: Screening and diagnostic instruments for 
autism spectrum disorders—Lessons from research and practice.  Child and Adolescent Mental 
Health, 18 , 52–63.  

      Chawarska, K., Klin, A., Paul, R., & Volkmar, F. (2007). Autism spectrum disorder in the second 
year: Stability and change in syndrome expression.  Journal of Child Psychology and Psychiatry, 
48 , 128–138.  

    Chawarska, K., Paul, R., Klin, A., Hannigen, S., Dichtel, L. E., & Volkmar, F. (2007). Parental 
recognition of developmental problems in toddlers with autism spectrum disorders.  Journal of 
Autism and Developmental Disorders, 37 , 62–72.  

   Constantino, J. N., Davis, S. A., Todd, R. D., Schindler, M. K., Gross, M. M., Brophy, S. L., … 
Reich, W. (2003). Validation of a brief quantitative measure of autistic traits: Comparison of 
the social responsiveness scale with the autism diagnostic interview-revised.  Journal of Autism 
and Developmental Disorders ,  33 , 427–433.  

2 Early Diagnostic Assessment



40

    Constantino, J. N., Gruber, C. P., Davis, S., Hayes, S., Passanante, N., & Przybeck, T. (2004). The 
factor structure of autistic traits.  Journal of Child Psychology and Psychiatry, 45 , 719–726.  

   Constantino, J. N., Todorov, A., Hilton, C., Law, P., Zhang, Y., Molloy, E., … Geschwind, D. 
(2013). Autism recurrence in half siblings: Strong support for genetic mechanisms of transmis-
sion in ASD.  Molecular Psychiatry ,  18 , 137–138.  

    Coo, H., Ouellette-Kuntz, H., Lloyd, J. E. V., Kasmara, L., Holden, J. J. A., & Lewis, M. E. S. 
(2008). Trends in autism prevalence: Diagnostic substitution revisited.  Journal of Autism and 
Developmental Disorders, 38 , 1036–1046.  

    Coonrod, E. E., & Stone, W. L. (2005). Screening for autism in young children. In F. R. Volkmar, 
R. Paul, A. Klin, & D. Cohen (Eds.),  Handbook of autism and pervasive developmental disor-
ders, Vol. 2: Assessment, interventions, and policy  (3rd ed., pp. 707–729). John Wiley & Sons: 
Hoboken, NJ.  

    Corsello, C., Hus, V., Pickles, A., Risi, S., Cook, E. J., Leventhal, B. L., & Lord, C. (2007). 
Between a ROC and a hard place: Decision making and making decisions about using the SCQ. 
 Journal of Child Psychology and Psychiatry, 48 , 932–940.  

      Cox, A., Klein, K., Charman, T., Baird, G., Baron-Cohen, S., Swettenham, J., … Wheelwright, S. 
(1999). Autism spectrum disorders at 20 and 42 months of age: Stability of clinical and ADI-R 
diagnosis.  Journal of Child Psychology and Psychiatry ,  40 , 719–732.  

    Daniels, A. M., Halladay, A. K., Shih, A., Elder, L. M., & Dawson, G. (2014). Approaches to 
enhancing the early detection of autism spectrum disorders: A systematic review of the litera-
ture.  Journal of the American Academy of Child and Adolescent Psychiatry, 53 , 141–152.  

     De Bildt, A., Oosterling, I. J., van Lang, N. J., Kuijper, S., Dekker, V., Sytema, S., … de Jonge, 
M. V. (2013). How to use the ADI-R for classifying autism spectrum disorders? Psychometric 
properties of criteria from the literature in 1,204 Dutch children.  Journal of Autism and 
Developmental Disorders ,  43 , 2280–2294.  

   De Bildt, A., Sytema, S., Ketelaars, C., Kraijer, D., Mulder, E., Volkmar, F., & Minderaa, R. 
(2004). Interrelationship between autism diagnostic observation schedule-generic (ADOS-G), 
autism diagnostic interview-revised (ADI-R), and the diagnostic and statistical manual of men-
tal disorders (DSM-IV-TR) Classifi cation in children and adolescents with mental retardation. 
 Journal of Autism and Developmental Disorders ,  34 , 129–137.  

    De Giacomo, A., & Fombonne, E. (1998). Parental recognition of developmental abnormalitiesin 
autism.  European Child and Adolescent Psychiatry, 7 , 131–136.  

       Dietz, C., Swinkels, S., van Daalen, E., van Engeland, H., & Buitelaar, J. (2006). Screening for 
autistic spectrum disorder in children aged 14–15 months: Population screening with the early 
screening of autistic traits questionnaire (ESAT).  Design and general fi ndings. Journal of 
Autism and Developmental Disorders, 35 , 713–722.  

     Dosreis, S., Weiner, C. L., Johnson, L., & Newschaffer, C. J. (2006). Autism spectrum disorder 
screening and management practices among general pediatric providers.  Journal of 
Developmental and Behavioral Pediatrics, 27 , S88–S94.  

    Duda, M., Kosmicki, J. A., & Wall, D. P. (2014). Testing the accuracy of an observation-based 
classifi er for rapid detection of autism risk.  Translational Psychiatry, 4 , e424.  

     Eaves, L. C., Wingert, H. D., Ho, H. H., & Mickelson, E. R. (2006). Screening for autism spectrum 
disorders with the social communication questionnaire.  Journal of Developmental and 
Behavioral Pediatrics, 27 , 95–103.  

    Elliott, C. D. (1990).  Differential ability scales . San Antonio, TX: The Psychological Corporation.  
     Elliott, C. D. (2007).  Differential ability scales  (2nd ed.). San Antonio, TX: The Psychological 

Corporation.  
   Elsabbagh, M., Divan, G., Koh, Y. -J., Kim, Y. S., Kauchali, S., Marcín, C., … Fombonne, E. 

(2012). Global prevalence of autism and other pervasive developmental disorders.  Autism 
Research, 5 , 160–179.  

    Filipek, P. A., Accardo, P. J., Ashwal, S., Baranek, G. T., Cook, E. H., Dawson, G., … Volkmar, 
F. R. (2000). Practice parameter: Screening and diagnosis of autism: Report of the Quality 
Standards Subcommittee of the American Academy of Neurology and the Child Neurology 
Society,  Neurology, 55 , 468–479.  

S. Kuriakose and R. Shalev



41

       Fombonne, E. (2009). Epidemiology of pervasive developmental disorders.  Pediatric Research, 
65 , 591–598.  

     Fountain, C., King, M. D., & Bearman, P. S. (2011). Age of diagnosis for autism: Individual and 
community factors across 10 birth cohorts.  Journal of Epidemiology and Community Health, 
65 , 503–510.  

     Gilliam, J. E. (1995).  Gilliam autism rating scale . Austin, TX: Pro-Ed.  
     Gilliam, J. E. (2006).  Gilliam autism rating scale  (2nd ed.). Austin, TX: Pro-Ed.  
    Gilliam, J. E. (2014).  Gilliam autism rating scale  (3rd ed.). Austin, TX: Pro-Ed.  
       Goin-Kochel, R. P., Mackintosh, V. H., & Mysters, B. J. (2006). How many doctors does it take to 

make an autism spectrum diagnosis?  Autism, 10 , 439–451.  
   Gotham, K., Risi, S., Dawson, G., Tager-Flusberg, H., Joseph, R., Carter, A., … Lord, C. (2008). 

A replication of the autism diagnostic observation schedule (ADOS) revised algorithms. 
 Journal of the American Academy of Child and Adolescent Psychiatry ,  47 , 642–651.  

     Gotham, K., Risi, S., Pickles, A., & Lord, C. (2007). The autism diagnostic observation schedule: 
Revised algorithms for improved diagnostic validity.  Journal of Autism and Developmental 
Disorders, 37 , 613–627.  

   Guevara, J. P., Gerdes, M., Localio, R., Huang, Y. V., Pinto-Martin, J., Mikovitz, C. S., … Pati, S. 
(2012). Effectiveness of developmental screening in an urban setting.  Pediatrics, 131 , 30–37.  

   Hashemi, J., Spina, T. V., Tepper, M., Esler, A., Morellas, V., Papanikolopoulos, N., & Sapiro, G. 
(2012, Nov) A computer vision approach for the assessment of autism-related behavioral mark-
ers.  Development and Learning and Epigenetic Robotics (ICDL), 2012 IEEE International 
Conference ,  1 , 7–9.  

     Hertz-Picciotto, I., & Delwiche, L. (2009). The rise in autism and role of age at diagnosis. 
 Epidemiology, 20 , 84–90.  

   Holzer, L., Mihailescu, R., Rodrigues-Degaeff, C., Junier, L., Muller-Nix, C., Halfon, O., & 
Answermet, F. (2006). Community introduction of practice parameters for autistic spectrum 
disorders: Advancing early recognition.  Journal of Autism and Developmental Disorders, 36 , 
249–262.  

    Honda, H., Shimizu, Y., Imai, M., & Nitto, Y. (2005). Cumulative incidence of childhood autism: 
A total population study of better accuracy and precision.  Developmental Medicine & Child 
Neurology, 47 , 10–18.  

        Hus, V., & Lord, C. (2014). The autism diagnostic observation schedule, module 4: Revised algo-
rithm and standardized severity scores.  Journal of Autism and Developmental Disorders, 44 , 
1996–2012.  

    International Molecular Genetic Study of Autism Consortium. (2001). A genomewide screen for 
autism: Strong evidence for linkage to chromosomes 2q, 7q, and 16p.  American Journal of 
Human Genetics, 69 , 570–581.  

    Johnson, S., Hollis, C., Kochhar, P., Hennessy, E., Wolke, D., & Marlow, N. (2010). Autism spec-
trum disorders in extremely preterm children.  Journal of Pediatrics, 156 , 525–531.  

     Johnson, C. P., Meyers, S. M., & The Council on Children with Disabilities. (2007). identifi cation 
and evaluation of children with autism spectrum disorders.  Pediatrics, 120 , 1183–1215.  

    Kalbrenner, A. E., Daniels, J. L., Emch, M., Morrissey, J. L., Poole, C., & Chen, J. (2011). 
Geographic access to health services and diagnosis with an autism spectrum disorder.  Annals 
of Epidemiology, 12 , 304–310.  

    Kamio, Y., Inada, N., Moriwaki, A., Kuroda, M., Koyama, T., Tsujii, H., … Constantino, J. N. 
(2013). Quantitative autistic traits ascertained in a national survey of 22,529 Japanese school 
children.  Acta Psychiatrica Scandinavica ,  128 , 45–53.  

    Keyes, K. M., Susser, E., Cheslak-Postava, K., Fountain, C., Liu, K., & Bearman, P. (2012). Cohort 
effects explain the increase in autism diagnosis among children born from 1992 to 2003 in 
California.  International Journal of Epidemiology, 41 , 495–503.  

       Kim, S. H., & Lord, C. (2012a). Combining information from multiple sources for the diagnosis of 
autism spectrum disorders for toddlers and young preschoolers from 12 to 47 months of age. 
 Journal of Child Psychology and Psychiatry, 53 , 143–151.  

2 Early Diagnostic Assessment



42

      Kim, S. H., & Lord, C. (2012b). New autism diagnostic interview-revised algorithms for toddlers 
and young preschoolers from 12 to 47 months of age.  Journal of Autism and Developmental 
Disorders, 42 , 82–93.  

    Kim, S. H., Thurm, A., Shumway, S., & Lord, C. (2013). Multisite study of new Autism Diagnostic 
Interview-Revised (ADI-R) algorithms for toddlers and young preschoolers.  Journal of Autism 
and Developmental Disorders, 43 , 1527–1538.  

     King, M., & Bearman, P. (2009). Diagnostic change and the increased prevalence of autism. 
 International Journal of Epidemiology, 38 (5), 1224–1234.  

    Kleinman, J. M., Ventola, P. E., Pandey, J., Verbalis, A. D., Barton, M., Hodgson, S., … Fein, D. 
(2008). Diagnostic stability in very young children with autism spectrum disorders.  Journal of 
Autism and Developmental Disorders ,  38 , 606–615.  

    Klin, A., Lang, J., Cicchetti, D. V., & Volkmar, F. R. (2000). Brief report: Interrater reliability of 
clinical diagnosis and DSM-IV criteria for autistic disorder: Results of the DSM-IV Autism 
Field Trial.  Journal of Autism and Developmental Disorders, 30 , 163–167.  

    Le Couteur, A., Haden, G., Hammal, D., & McConachie, H. (2008). Diagnosing autism spectrum 
disorders in pre-school children using two standardised assessment instruments: The ADI-R 
and the ADOS.  Journal of Autism and Developmental Disorders, 38 , 362–372.  

   Liptak, G., Benzoni, L. B., Mruzek, D. W., Nolan, K. W., Thingvull, M. A., Wade, C. M., & Fyer, 
G. E. (2008). Disparities in diagnosis and access to health services for children with autism: 
Data from the national survey of children’s health . Journal of Developmental & Behavioral 
Pediatrics, 29 (3), 152–160.  

      Lord, C. (1995). Follow-up of two-year-olds referred for possible autism.  Child Psychology and 
Psychiatry and Allied Disciplines, 36 , 1365–1382.  

    Lord, C., & Corsello, C. (2005). Diagnostic instruments in autistic spectrum disorders. In 
F. Volkmar, R. Paul, A. Klin, & D. Cohen (Eds.),  Handbook of autism and pervasive develop-
mental disorders: Vol 2. Assessment, interventions, and policy  (pp. 730–771). Hoboken, NJ: 
Wiley.  

      Lord, C., Luyster, R. J., Gotham, K., & Guthrie, W. (2012).  Autism diagnostic observation sched-
ule, second edition (ADOS-2) manual (part II): Toddler module . Torrance, CA: Western 
Psychological Services.  

    Lord, C., Petkova, E., Hus, V., Gan, W., Lu, F., Martin, D. M., … Risi, S. (2012). A multisite study 
of the clinical diagnosis of different autism spectrum disorders.  Archives of General Psychiatry , 
 69 , 306–313.  

         Lord, C., Rutter, M., DiLavore, P. C., Risi, S., Gotham, K., & Bishop, S. L. (2012).  Autism diag-
nostic observation schedule, second edition (ADOS-2) manual (part I): Modules 1-4 . Torrance, 
CA: Western Psychological Services.  

    Lord, C., Rutter, M., DiLavore, P. C., & Risi, S. (1999).  Autism diagnostic observation schedule . 
Los Angeles, CA: Western Psychological Services.  

        Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism diagnostic interview-revised: A revised 
version of a diagnostic interview for caregivers of individuals with possible pervasive develop-
mental disorders.  Journal of Autism and Developmental Disorders, 24 , 659–685.  

    Lovaas, O. I. (1987). Behavioral treatment and normal educational and intellectual functioning in 
young autistic children.  Journal of Consulting and Clinical Psychology, 55 , 3–9.  

    Mandell, D. S., Ittenbach, R. F., Levy, S. E., & Pinto-Martin, J. A. (2007). Disparities in diagnoses 
received to a diagnosis of autism spectrum disorder.  Journal of Autism and Developmental 
Disorders, 37 , 1795–1802.  

    Mandell, D. S., Listerud, J., Levy, S. E., & Pinto-Martin, J. (2002). Race differences in the age at 
diagnosis among Medicaid-eligible children with autism.  Journal of the American Academy of 
Child and Adolescent Psychiatry, 41 , 1447–1453.  

       Mandell, D. S., Novak, M. M., & Zubritsky, C. D. (2005). Factors associated with age of diagnosis 
among children with autism spectrum disorders.  Pediatrics, 116 , 1480–1486.  

     Matson, J. L., & Kozlowski, A. M. (2011). The increasing prevalence of autism spectrum disor-
ders.  Research in Autism Spectrum Disorders, 5 , 418–425.  

S. Kuriakose and R. Shalev



43

   Miller, J. S., Gabrielsen, T., Villalobos, M., Alleman, R., Wahmhoff, N., Carbone, P. S., & Segura, 
B. (2011). The each child study: Systematic screening of Autism Spectrum Disorders in a 
pediatric setting.  Pediatrics, 127 (5), 866–871.  

      Morelli, D. L., Pati, S., Butler, A., Blum, N. J., Gerdes, M., Pinto-Martin, J., & Guevara, J. P. 
(2014). Challenges to implementation of developmental screening in urban primary care: A 
mixed methods study.  BMC Pediatrics, 14 , 16.  

      Mullen, E. (1995).  The Mullen Scales of Early Learning . Circle Pines, MN: American Guidance 
Service.  

     National Research Council. (2001).  Educating children with autism . Washington, DC: National 
Academy Press.  

    Newschaffer, C., Falb, M., & Gurney, J. (2005). National autism prevalence trends from United 
States special education data.  Pediatrics, 115 , 277–282.  

    Norris, M., & Lecavalier, L. (2010). Screening accuracy of level 2 autism spectrum disorder rating 
scales: A review of selected instruments.  Autism, 14 , 263–284.  

   Nygren, G., Cederlund, M., Sandberg, E., Gillstedt, F., Arvidsson, T., Gillberg, I.C., … Gillberg, 
C. (2012.) The prevalence of Autism Spectrum Disorders in toddlers: A population study of 
2-year-old Swedish children.  Journal of Autism and Developmental Disorders, 42 , 
1491–1497.  

    Nygren, G., Hagberg, B., Billstedt, E., Skoglund, Å., Gillberg, C., & Johansson, M. (2009). The 
Swedish version of the diagnostic interview for social and communication disorders 
(DISCO- 10).  Psychometric properties. Journal of Autism and Developmental Disorders, 39 , 
730–741.  

    Oberleitner, R., Reischel, U., Lacy, T., Goodwin, M., & Spitalnick, J. S. (2011). Emerging use of 
behavior imaging for autism and beyond.  Communicity Medical Care Compunetics, 1 , 93–104.  

    Ozonoff, S. (2012). Editorial perspective: Autism Spectrum Disorders in DSM-5—An historical 
perspective and the need for change.  Journal of Child Psychology and Psychiatry, 53 , 
1092–1094.  

    Ozonoff, S., Goodlin-Jones, B., & Solomon, M. (2005). Evidence-based assessment of autism 
spectrum disorders in children and adolescents.  Journal of Clinical Child and Adolescent 
Psychology, 34 , 523–540.  

    Ozonoff, S., Gregory, Y. S., Carter A., Messinger, D., Yirmiya, N., Zwaigenbaum, L., … Stone, 
W. L. (2011). Recurrence risk for autism spectrum disorders: A baby sibling research consor-
tium study.  Pediatrics, 128 , 488–495.  

    Pandolfi , V., Magyar, C. I., & Dill, C. A. (2010). Constructs assessed by the GARS-2: Factor 
analysis of data from the standardization sample.  Journal of Autism and Developmental 
Disorders, 40 , 1118–1130.  

    Parner, E. T., Thorsen, P., Dixon, G., de Klerk, N., Leonard, H., Nassar, N., … Glasson, E. M. 
(2011). A comparison of autism prevalence trends in Denmark and Western Australia.  Journal 
of Autism and Developmental Disorders, 41 , 1601–1608.  

   Pierce, K., Carter, C., Weinfeld, M., Desmond, J., Hazin, R., Bjork, R., & Hallager, N. (2011). 
Detecting, studying and treating autism early: The one year well-baby check-up approach. 
 Journal of Pediatrics,  159, 458–465.  

     Rice, C. E., Rosanoff, M., Dawson, G., Durkin, M. S., Croen, L. A., Singer, A., & Yeargin-Allsop, 
M. (2013). Evaluating changes in the prevalence of Autism Spectrum Disorders.  Public Health 
Reviews, 34 (2), 1–22.  

         Risi, S., Lord, C., Gotham, K., Corsello, C., Chrysler, C., Szatmari, P., … Pickles, A. (2006). 
Combining information from multiple sources in the diagnosis of autism spectrum disorders. 
 Journal of the American Academy of Child and Adolescent Psychiatry, 45 , 1094–1103.  

        Robins, D. L., Fein, D., Barton, M. L., & Green, J. A. (2001). The modifi ed checklist for autism in 
toddlers: An initial study investigating the early detection of autism and pervasive developmen-
tal disorders.  Journal of Autism and Developmental Disorders, 31 , 131–144.  

    Rogers, S. J., & Vismara, L. A. (2008). Evidence-based comprehensive treatments for early autism. 
 Journal of Clinical Child and Adolescent Psychology, 37 , 8–38.  

2 Early Diagnostic Assessment



44

    Rosenberg, R. E., Landa, R., Law, J. K., Stuart, E. A., & Law, P. A. (2011). Factors affecting age 
an initial autism spectrum disorder diagnosis in a national survey.  Autism Research and 
Treatment, 11 , 1–11.  

    Roux, A. M., Herrera, P., Wold, C. M., Dunkle, M. C., Glascoe, F. P., & Shattuck, P. T. (2012). 
Developmental and autism screening through 2-1-1: Reaching underserved families.  American 
Journal of Preventative Medicine, 43 , 457–463.  

       Ruggeri, B., Sarkans, U., Schumann, G., & Persico, A. (2013). Biomarkers in autism spectrum 
disorder: The old and the new.  Psychopharmacology, 231 , 1201–1206.  

     Rutter, M., Bailey, A., & Lord, C. (2003).  The social communication questionnaire manual . Los 
Angeles, CA: Western Psychological Services.  

      Rutter, M., Le Couteur, A., & Lord, C. (2003).  The autism diagnostic interview-revised manual . 
Los Angeles, CA: Western Psychological Services.  

    Santosh, P. J., Mandy, W. L., Puura, K., Kaartinen, M., Warrington, R., & Skuse, D. H. (2009). The 
construction and validation of a short form of the developmental, diagnostic and dimensional 
interview.  European Child and Adolescent Psychiatry, 18 , 52–524.  

    Sattler, J. M. (2008).  Assessment of children: Cognitive applications  (5th ed.). San Diego, CA: 
Author.  

    Saulnier, C. A., & Klin, A. (2007). Brief report: Social and communication abilities and disabilities 
in higher functioning individuals with autism and Asperger syndrome.  Journal of Autism and 
Developmental Disorders, 37 , 788–793.  

   Scambler, D., Rogers, S., Wehner, E. (2001) Can the checklist for autism in toddlers differentiate 
young children with autism from those with developmental delays?  Journal of the American 
Academy of Child & Adolescent Psychiatry, 40 , 1457–63.  

        Schopler, E., Van Bourgondien, M. E., Wellman, G. J., & Love, S. R. (2010).  Childhood autism 
rating scale  (2nd ed.). Los Angeles, CA: Pearson.  

    Shah, K. (2001). Research in Brief: What do medical students know about autism?  Autism, 15 , 
127–133.  

    Shattuck, P. T. (2006). The contribution of diagnostic substitution to the growing administrative 
prevalence of autism in US special education.  Pediatrics, 117 , 1028–1037.  

     Shattuck, P. T., Durkin, M., Maenner, M., Newschaffer, C., Mandell, D. S., Wiggins, L., … Cuniff, 
C. (2009). Timing of identifi cation among children with an autism spectrum disorder: Findings 
from a population-based surveillance study.    Journal of the American Academy of Child & 
Adolescent Psychiatry      , 48 , 474–483.  

    Shattuck, P. T., & Grosse, S. D. (2007). Issues related to the diagnosis and treatment of autism 
spectrum disorders.  Mental Retardation and Developmental Disabilities Research Reviews, 13 , 
129–135.  

    Siegel, B. (2004).  Pervasive developmental disorders screening test–II (PDDST–II) . San Antonio, 
TX: Harcourt Assessment.  

    Sikora, D. M., Hall, T. A., Hartley, S. L., Gerrard-Morris, A. E., & Cagle, S. (2008). Does parent 
report of behavior differ across ADOS-G classifi cations: Analysis of scores from the CBCL 
and GARS.  Journal of Autism and Developmental Disorders, 38 , 440–448.  

    Skuse, D. H. (2012). DSM-5’s conceptualization of autistic disorders.  Journal of the American 
Academy of Child and Adolescent Psychiatry, 51 , 344–346.  

        Skuse, D., Warrington, R., Bishop, D., Chowdhury, U., Lau, J., Mandy, W., & Place, M. (2004). 
The developmental, dimensional, and diagnostic interview (3di): A novel computerized assess-
ment for autism spectrum disorders.  Journal of the American Academy of Child and Adolescent 
Psychiatry, 43 , 548–558.  

    Smith, B., Chung, M. C., & Vostanis, P. (1994). The path to care in autism: Is it better now? 
 Journal of Autism and Developmental Disorders, 24 , 551–563.  

    Sparrow, S. S., Cicchetti, D. V., & Balla, D. A. (2006).  Vineland adaptive behavior scale  (2nd ed.). 
Livonia, MN: Pearson.  

    Stone, W. L., Coonrod, E. E., & Ousley, O. Y. (2000). Screening tool for autism in two-year-olds 
(STAT): Development and preliminary data.  Journal of Autism and Developmental Disorders, 
30 , 607–612.  

S. Kuriakose and R. Shalev

http://www.sciencedirect.com.ezproxy.med.nyu.edu/science/journal/08908567
http://www.sciencedirect.com.ezproxy.med.nyu.edu/science/journal/08908567


45

   Stone, W. L., Lee, E. B., Ashford, L., Brissie, J., Hepburn, S. L., Coonrod, E. E., & Weiss, B. H. 
(1999). Can autism be diagnosed accurately in children under 3 years?  Journal of Child 
Psychology and Psychiatry, 40 , 219–226.  

    Sun, X., & Allison, C. (2009). A review of the prevalence of Autism Spectrum Disorder in Asia. 
 Research in Autism Spectrum Disorders, 4 , 1561–1567.  

    Sung, Y., Dawson, G., Munson, J., Estes, A., Schellenberg, G. D., & Wijsman, E. M. (2005). 
Genetic investigation of quantitative traits related to autism: Use of multivariate polygenic 
models with ascertainment adjustment.  American Journal of Human Genetics, 76 , 68–81.  

    Swanson, A. R., Warren, Z. E., Stone, W. L., Vehorn, A. C., Dohrman, E., & Humberd, Q. (2014). 
The diagnosis of autism in community pediatric settings: Does advanced training facilitate 
practice change?  Autism, 18 , 555–561.  

    Swinkels, S. N., Dietz, C., van Daalen, E., Kerkhof, I. M., van Engeland, H., & Buitelaar, J. K. 
(2006). Screening for autistic spectrum in children aged 14 to 15 months: The development of 
the early screening of autistic traits questionnaire (ESAT).  Journal of Autism and Developmental 
Disorders, 36 , 723–732.  

    Taylor, B., Jick, H., & McLaughlin, D. (2013). Prevalence and incidence rates of autism in the UK: 
Time trend from 2004–2010 in children aged 8 years.  BMJ Open, 3 , 1–6.  

    Thoas, K. C., Parish, S. L., Rose, R. A., & Klany, M. (2011). Access to care for children with 
autism in the context of state Medicaid reimbursement.  Maternal and Child Health Journal, 
16 (8), 1636–1644.  

     Thomas, K. C., Ellis, A. R., McLaurin, C., Daniels, J., & Morrissey, J. (2007). Access to care for 
autism-related services.  Journal of Autism and Developmental Disorders, 37 (10), 1902–1912.  

   Thomas, P., Zohorodny, W., Peng, B., Kim, S., Jani, N., Halperin, W., & Brimacombe, M., (2012). 
The association of autism diagnosis with socioeconomic status.  Autism, 16 , 201–213.  

    Tolbert, L., Brown, R., Fowler, P., & Parsons, D. (2001). Brief report: Lack of correlation between 
age of symptom onset and contemporaneous presentation.  Journal of Autism and Developmental 
Disorders, 31 , 241–245.  

   Torres, E. B., Brincker, M., Isenhower, R. W., Yanovich, P., Stigler, K. A., Nurnberger, J. I., … 
Jose, J. V. (2013). Autism: The micro-movement perspective.  Frontiers in Integrative 
Neuroscience,  7, 1–32.  

    Travers, J. C., Tincani, M., & Krezmien, M. P. (2011). A multiyear national profi le of racial dispar-
ity in autism identifi cation.  Journal of Special Education, 47 , 41–49.  

   Ventola, P. E., Kleinman, J., Pandey, J., Barton, M., Allen, S., Green, J., … Fein, D. (2006). 
Agreement among four diagnostic instruments for autism spectrum disorders in toddlers. 
 Journal of Autism and Developmental Disorders, 36 , 839–847.  

      Voineagu, I., & Yoo, H. J. (2013). Current progress and challenges in the search for autism bio-
markers.  Disease Markers, 35 , 55–65.  

     Walsh, P., Elsabbagh, M., Bolton, P., & Singh, I. (2011). In search of biomarkers for autism: 
Scientifi c, social and ethical challenges.  Nature Reviews Neuroscience, 12 , 603–612.  

    Wazana, A., Bresnahan, M., & Kline, J. (2007). The autism epidemic: Fact or artifact?  Journal of 
the American Academy of Child and Adolescent Psychiatry, 46 , 721–730.  

     Wechsler, D. (2002).  Wechsler preschool and primary scale of intelligence  (3rd ed.). San Antonio, 
TX: Psychological Corporation.  

     Wechsler, D. (2003).  Wechsler intelligence scale for children  (4th ed.). San Antonio, TX: 
Psychological Corporation.  

    Wetherby, A. M., & Prizant, B. M. (2002).  Communication and symbolic behavior scales develop-
mental profi le . Baltimore, MD: Brookes.  

    Wetherby, A. M., & Woods, J. (2002).  Systematic evaluation of red fl ags for autism spectrum dis-
orders in young children . Tallahassee, FL: Florida State University. Unpublished manual.  

       Wiggins, L. D., Baio, J., & Rice, C. E. (2006). Examination of the time between fi rst evaluation 
and fi rst autism spectrum diagnosis in a population-based sample.  Journal of Developmental & 
Behavioral Pediatrics, 27 , 79–87.  

    Wiggins, L. D., & Robins, D. L. (2008). Brief report: Excluding the ADI-R behavioral domain 
improves diagnostic agreement in toddlers.  Journal of Autism and Developmental Disorders, 
38 , 972–976.  

2 Early Diagnostic Assessment



46

    Williams, J. G., Higgins, J. P. T., & Brayne, C. E. G. (2006). Systematic review of prevalence stud-
ies in autism spectrum disorders.  Archives of Disease in Childhood, 91 , 8–15.  

    Windham, G. C., Smith, K. S., Rosen, N., Anderson, M. C., Gerther, J. K., Coolman, R. B., & 
Harris. S. (2014). Autism and developmental screening in a public, primary care setting pri-
marily serving Hispanics: Challenges and results.  Journal of Autism and Developmental 
Disorders,  44, 1621–1632.  

        Wing, L., Leekam, S. R., Libby, S. J., Gould, J., & Larcombe, M. (2002). The diagnostic interview 
for social and communication disorders: Background, inter-rater reliability and clinical use. 
 Journal of Child Psychology and Psychiatry, 43 , 307–325.  

    Wing, L., & Potter, D. (2002). The epidemiology of autistic spectrum disorders: Is the prevalence 
rising?  Mental Retardation and Developmental Disabilities Research Reviews, 8 , 151–161.  

    Wong, V. C., & Hui, S. L. (2008). Epidemiological study of autism spectrum disorder in China. 
 Journal of Child Neurology, 23 , 67–72.  

   Zachary, W., Stone, W., & Humberd, Q. (2009). A training model for the diagnosis of autism in 
community pediatric practice.  Journal of Developmental and Behavioral Pediatrics, 30 , 
442–446.    

S. Kuriakose and R. Shalev



http://www.springer.com/978-3-319-30923-1


	Chapter 2: Early Diagnostic Assessment
	 Introduction
	 DSM-5 Diagnostic Criteria for ASD
	 Prevalence of ASD
	 Obstacles to Obtaining ASD Diagnostic Assessment and/or Accurate Diagnosis
	 Assessment Practices

	 Screening for ASD
	 Level One
	 Level Two

	 Diagnosing ASD
	 Autism Diagnostic Tools
	 Developmental Assessment
	 Considerations for High-Risk Siblings
	 Novel Approaches to Diagnostic Assessment

	 Future Research
	 Implications for Practitioners and/or Families
	References


