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Abstract Standardized calibrated severity scores (CSS)
have been created for Autism Diagnostic Observation
Schedule, 2nd edition (ADOS-2) Modules 1-4 as a metric
of the relative severity of autism-specific behaviors. Total
and domain CSS were created for the Toddler Module to
facilitate comparison to other modules. Analyses included
388 children with ASD age 12-30 months and were
replicated on 435 repeated assessments from 127 children
with ASD. Compared to raw scores, associations between
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total and domain CSS and participant characteristics were
reduced in the original sample. Verbal 1Q effects on Social
Affect-CSS were not reduced in the replication sample.
Toddler Module CSS increases comparability of ADOS-2
scores across modules and allows studies of symptom
trajectories to extend to earlier ages.

Keywords Autism spectrum disorder - Autism diagnostic
observation schedule - Severity - Toddlers - Social affect -
Restricted and repetitive behavior

Introduction

The development of early screening and diagnostic tools
for autism spectrum disorder (ASD) has allowed diagnoses
to occur at younger ages (Dawson and Bernier 2013;
Guthrie et al. 2013; Woolfenden et al. 2012). The Toddler
Module of the Autism Diagnostic Observation Schedule,
2nd edition (ADOS-2; Lord et al. 2012a) has demonstrated
high levels of reliability and validity as a diagnostic tool
for ASD in children age 12-30 months (Guthrie et al.
2013; Luyster et al. 2009). However, social communication
and behavioral patterns in children who develop ASD can
be variable early in the second year of life (Bryson et al.
2007; Landa et al. 2007; Ozonoff et al. 2010; Werner and
Dawson 2005). An important clinical use of the Toddler
Module of the ADOS-2 is to identify concerns in need of
continued monitoring (Lord et al. 2012b). At the research
level, the Toddler Module may aid in understanding ASD
symptom trajectories beginning as soon as children are
walking independently (Lord et al. 2012a).

Over the past decade, much research has focused on the
development of younger siblings of children with ASD
(“infant siblings”) to better understand onset, risk, and
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underlying biological mechanisms (e.g., Ozonoff et al.
2011). Studies of infant siblings suggest variable and
complicated developmental trajectories (Bryson et al.
2007; Landa et al. 2007; Messinger et al. 2013; Ozonoff
et al. 2014). Regardless of diagnostic outcome, infant
siblings tend to score higher (i.e., more symptomatic) on
the ADOS-2 and lower on measures of developmental
skills, compared to infants who do not have a family his-
tory of ASD (Messinger et al. 2013; Ozonoff et al. 2014).

It is well known that ASD is a highly heterogeneous
disorder, and this hinders our understanding of its causes
and recommended courses of treatment (State and Levitt
2011). The behavioral heterogeneity of ASD is in part due
to differences in level of intellectual impairment, language
impairment, and co-occurring challenging behaviors and/or
diagnoses (e.g., ADHD, anxiety). These factors affect how
ASD symptoms manifest but are not core symptoms
themselves. To try to control for these influential and
complex variables, researchers are looking for ways to
increase homogeneity in ASD symptom presentation to
better understand underlying causes, developmental course,
and treatment effects.

In research and in practice, the ADOS-2 frequently is
used to diagnose and describe ASD symptoms. A
calibrated severity score (CSS) was created for Modules 1
through 4 to estimate overall level of ASD symptoms
relative to others with ASD of the same age and language
level (Gotham et al. 2009; Hus and Lord 2014). The CSS
was created in response to the need for a metric of severity
that is as independent as possible of participant variables of
intellectual ability, language, and age. Compared to raw
total scores, the CSS was less influenced by verbal lan-
guage level, especially for Modules 1-3—where verbal 1Q
accounted for 43 % of the variance in raw scores, it ac-
counted for only 10 % of the variance in the CSS. The CSS
also has more uniform distributions across age/language
level groups. These results were replicated by de Bildt et al.
(2011) and Shumway et al. (2012) in independent samples,
with a similar pattern of reduced association with verbal 1Q
for the CSS.

On the other hand, ASD symptoms may best be mea-
sured by domain rather than in aggregate (Shumway et al.
2012). Separate calibrated severity scores were developed
for Social Affect and Restricted, Repetitive Behavior do-
mains of the ADOS-2 to provide a clearer picture of ASD
symptom severity (Hus et al. 2014; Hus and Lord 2014).
Several potential uses for domain CSS have been identi-
fied, including studying whether the two domains have
distinct trajectories or respond differently to intervention;
increasing phenotypic homogeneity by clustering indi-
viduals according to similar levels of severity in each
domain; and using a CSS to control statistically for

differences in one domain while focusing on the other.
There is a need for standardized tools to further define and
characterize severity, to improve reliability of ratings
across sites and clinicians, and to increase comparability
across research samples (Weitlauf et al. 2014).

At the time that overall and domain CSS were created,
large datasets using the Toddler Module of the ADOS-2
were not available to be included in analyses. Thus, a CSS
could not be calculated for children who received the
Toddler Module. Researchers have tried to overcome this
limitation in various ways. For example, a CSS could not
be generated in infant sibling and intervention studies until
36 months for many children (e.g., Messinger et al. 2013;
Ozonoff et al. 2014). Other studies (Guthrie et al. 2013;
Venker et al. 2014) attempted to capture symptom severity
by applying Module 1 CSS to the Toddler Module. How-
ever, as the authors acknowledged, the CSS developed for
Module 1 cannot be directly applicable to the Toddler
Module due to differences in coding criteria and items
comprising the algorithms for the respective modules.
Application of CSS for the ages addressed by the Toddler
Module, 12-30 months, may help us better understand
developmental trajectories indicative of risk, especially
because they provide a continuous scale of presence and
severity of ASD symptoms across development, into the
other four modules. A Toddler Module CSS would allow
longitudinal comparisons of symptom severity potentially
from the earliest point of concern, and may improve un-
derstanding of how ASD symptoms emerge, relatively in-
dependent of language abilities.

A note on terminology: in the recently revised ADOS-2
(Lord et al. 2012d), the CSS was renamed the Comparison
Score. However, here, we maintain use of the term “CSS”
to refer to the standardized severity scores to facilitate
comparisons to the studies by Gotham et al. (2009), Hus
et al. (2014), and Hus and Lord (2014), which this manu-
script seeks to replicate.

The purpose of the present research is to develop
ADOS-2 Toddler Module total and domain CSS to expand
the continuous metric of ASD symptom severity to younger
ages. We hypothesize that the Toddler Module CSS will be
less affected by child characteristics and demographics
than raw scores. However, because the Toddler Module
covers a more restricted age and IQ range than Modules
1-4, we were interested to see whether the CSS would
result in reductions in the influence of age and IQ to the
extent demonstrated in Modules 1-4. To achieve this aim,
this study employed methods from Gotham and colleagues’
(2009) development of the total CSS for modules 1-3 and
from Hus et al.’s (2014) and Hus and Lord’s (2014) de-
velopment of calibrated domain scores for Social Affect
and Restricted, Repetitive Behaviors.
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Methods
Participants

The sample consisted of 388 individual children eventually
diagnosed with ASD. Repeated assessments were performed
on 127 children, yielding a total of 823 assessments, where
“assessment” 1is defined as contemporaneous Toddler
Module data and a best estimate clinical diagnosis. The
child’s most recent diagnosis was used for the purposes of
the current study. Mothers in the repeated assessments group
had more education (x2 = 15.19, p < .001). Although, at
the group level, children with one assessment did not differ
significantly from children with repeated assessments in age,
gender, race, verbal IQ, or nonverbal IQ, significant differ-
ences in these variables emerged when children were
grouped based on the Toddler Module algorithm received.
Among children who used fewer than five words during the
Toddler Module or were between the ages of 12 and
20 months (i.e., 12-20/Nonverbal algorithm), children in
the repeated assessment group tended to be slightly younger
than the single assessment group (21.52 vs. 22.65 months,
p < .01), and they had higher nonverbal IQs (86.65 vs.
79.12, p < .001). Children between age 21 and 30 months
who used five or more single words during the Toddler
Module (i.e., Some Words 21-30 algorithm) showed more
differences: children with repeated assessments were
slightly older than children with one assessment (25.78 vs.
24.82 months, p < .01) and had higher verbal mental ages
(23.78 vs. 19.35, p < .001), verbal IQ (88.87 vs. 78.84,
p < .01), nonverbal mental ages (25.66 vs. 22.84, p < .001),
and nonverbal 1Q (96.42 vs. 89.27, p < .01). These differ-
ences were likely due to referral biases; for example, chil-
dren with repeated assessments were more likely to be infant
siblings (28 % of the repeated assessment group versus
10 % of the single assessment group, x> = 27.90) who may
have enrolled in a research study prior to showing devel-
opmental concerns.

In creating the CSS for Modules 1-4, repeated assess-
ment data were retained in the analyses (Gotham et al.
2009; Hus and Lord 2014). However, because of the dif-
ferences between children seen once and children seen
longitudinally described above, a subsample was used for
standardization of calibrated severity scores that eliminated
repeated assessment data. This subsample of 388 children
with ASD (hereafter termed “original sample”) contained
data from all children with one assessment, and one
assessment was randomly selected for children with re-
peated assessments. A replication sample then was created
using children with ASD with repeated assessments, ex-
cluding the 388 children in the original sample, to further
validate calibrated severity scores.

@ Springer

Original Sample

Chronological ages in the original sample represented the
recommended age range for the Toddler Module,
12-30 months. Ethnicities represented in the dataset in-
cluded 8 % African American (N = 30), 2 % Asian
American (N = 7), 71 % Caucasian (N = 276), 6 % His-
panic (N = 24), 0.3 % Native American (N = 1), and 9 %
Biracial (N = 36). Males comprised 83 % of the dataset
(N = 323) and females comprised 17 % of the sample
(N = 65). Thirteen percent reported maternal education at
the graduate or professional level, 52 % had a bachelor’s
degree or some college, and 30 % reported completing
high school or less (4 % did not report education level).
Contemporaneous verbal 1Q data was available for 274
children (71 % of the original sample) and nonverbal 1Q
for 329 (85 %) (see Table 1 for sample description).

The dataset represented combined data from four sites:
the University of Michigan Autism and Communication
Disorders Center, Florida State University (FSU), the
University of Minnesota, and the University of Wisconsin-
Madison. The majority (N = 211) came from FSU and
were recruited from pediatric primary care physicians
through the FIRST WORDS® Project, a prospective, lon-
gitudinal study of a general population screening program
for communication delays and ASD. Children from the
University of Michigan (N = 84) consisted of (a) con-
secutive referrals of children from 12 to 30 months of age
to the clinic, (b) children from University of Michigan
projects studying early development of children with
communication delays and/or at risk for ASD, and
(c) children participating in various treatment studies. The
original validation sample for the Toddler Module (Luyster
et al. 2009) was included in this dataset. Children from the
University of Wisconsin (N = 58) were participants in a
longitudinal study of language development in children
with ASD starting at age 24 months and seen annually until
age 5; and children from the University of Minnesota
(N = 35) consisted of consecutive clinic referrals of chil-
dren age 12-30 months and participants in research
studying early language and motor markers in children at
risk for ASD (siblings or history of prematurity). Sites also
differed in their ability to include blind examiners for
children seen longitudinally; however, each site imple-
mented procedures to reduce bias. Blind evaluators were
used every 6 months at the University of Michigan; at
FSU, diagnostic evaluations were reviewed and confirmed
by an additional, experienced clinician; and at the
University of Minnesota, a subset of Toddler Module
ADOS-2 administrations were observed and co-coded by a
research-reliable examiner who was not aware of par-
ticipants’ previous performance. (Children at UW-Madison
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Table 1 Sample description: 12-20/nonverbal Some words 21-30

ASD cases included in creation

of calibrated severity score N Mean SD Range N Mean SD Range
Age 272 22.27 3.93 12-30 116 25.22 2.69 21-30
VIQ 189 56.57 19.82 5-118 85 81.67 21.92 31-133
NVIQ 232 80.51 19.64 24-145 97 91.26 18.21 54-141
VMA 196 11.82 4.26 1-29 85 20.95 6.28 8-38
NVMA 234 18.07 4.21 5-32 97 23.90 4.76 14-38
ADI-R SA 154 9.90 4.26 1-18 49 9.69 4.82 0-19
ADI-R RRB 153 4.82 2.30 0-11 49 5.16 2.95 0-12
ADI-R RPI - - - - 11 291 2.17 0-6
ADI-R Total 154 22.40 6.80 3-37 49 20.02 8.03 3-35
ADOS-SA 272 14.47 3.54 3-20 116 11.94 4.25 0-21
ADOS-RRB 272 4.21 2.06 0-8 116 2.89 1.59 0-6

VIQ verbal 1Q, NVIQ nonverbal I1Q, VMA verbal mental age, NVMA nonverbal mental age, ADI-R autism
diagnostic interview-revised, SA social affect, RRB restricted, repetitive behavior, RPI reciprocal peer
interaction, ADOS autism diagnostic observation schedule

were seen annually starting at age 2 and thus received the
Toddler Module only once.)

6 % African American (N = 27 assessments), 2 % Asian
American (N = 8), 70 % Caucasian (N = 306), 4 % His-
panic (N = 19), 12 % Biracial (N = 52), and 5 % Other or

Replication Sample

Analyses of CSS distributions and their relative indepen-
dence from verbal and age variables were repeated using
data from children with repeated assessments (see Table 2
for sample description). Data from FSU, University of
Michigan, and University of Minnesota included repeated
assessments. The replication dataset included assessments
from 127 individual children with ASD. Assessments in-
cluded in the original analyses were removed from the
replication dataset, resulting in a final sample of 435 ASD
assessments. Ethnicities represented in the dataset included

race not specified (N = 23). Males comprised 88.5 % of
the dataset (N = 385 assessments) and females comprised
11.5 % (N = 50 assessments). Twenty-five percent re-
ported maternal education at the graduate or professional
level; 22 % reported completing high school or less.

Of the 127 children with ASD with repeated assess-
ments, 46 had two or three Toddler Module assessments,
52 had four or five assessments, 26 had between 6 and 10
assessments, and three had between 11 and 15 assessments.
Children with four or more assessments tended to be par-
ticipants who were showing communication and/or ASD
concerns and were participating in treatment studies at FSU

Table 2 Sample description:
ASD cases included in

12-20/nonverbal Some words 21-30

replication sample N Mean SD Range N Mean SD Range
Age 285 21.52 434 12-30 150 25.73 2.65 21-30
VIQ 169 57.35 18.95 13-118 76 89.26 23.19 42-141
NVIQ 168 87.46 18.46 19-128 75 96.42 16.29 54-128
VMA 169 12.01 4.45 3-33 76 23.57 7.09 8-34
NVMA 169 18.17 4.43 6-35 75 25.30 5.31 13-35
ADI-R SA 98 10.09 4.20 1-18 21 9.43 3.89 3-17
ADI-R RRB 97 4.61 2.13 0-9 28 5.14 3.01 1-12
ADI-R RPI - - - - 7 4.14 1.57 2-6
ADI-R Total 98 24.66 6.45 9-37 28 22.00 7.43 7-35
ADOS-SA 285 13.74 3.99 0-20 150 10.49 4.70 0-22
ADOS-RRB 285 3.62 2.00 0-6 150 2.39 1.40 0-6

VIQ verbal 1Q, NVIQ nonverbal 1Q, VMA verbal mental age, NVMA nonverbal mental age, ADI-R autism
diagnostic interview-revised, SA social affect, RRB restricted, repetitive behavior, RPI reciprocal peer
interaction, ADOS autism diagnostic observation schedule
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or the University of Michigan, or children participating in a
study of early diagnosis of ASD at the University of
Michigan where participants were seen on a monthly basis.
Participants in the monthly study at the University of
Michigan were showing communication delays and/or risk
for ASD, or were infant siblings. As a side note, we were
not concerned about practice effects for children with re-
peated assessments, because although children may be-
come familiar with particular tasks (e.g., the bath routine),
ADOS-2 scores and classifications are based on sponta-
neous initiations and responses rather than performance on
specific tasks (Lord et al. 2012d).

Measures and Procedure

The ADOS is a clinician-administered, standardized ob-
servation designed to elicit social communication and re-
stricted, repetitive behaviors related to ASD (Lord et al.
2000). Four original modules are each tailored to an indi-
vidual’s language level and age to control for the effects of
language level on social communication and play behav-
iors. The second edition of the ADOS (ADOS-2; Lord et al.
2012a, d) adds a Toddler Module for children age
12-30 months with language skills ranging from no verbal
language to single words and simple phrases. Toddlers
must be walking independently, and a nonverbal mental
age of at least 12 months is recommended. The Toddler
Module follows the structure of Module 1, which is de-
signed for language levels ranging from nonverbal to single
words and simple phrases. Module 1 activities, child be-
havioral descriptions, and scoring criteria were modified
based on developmental expectations for toddlers.

The Toddler Module algorithm contains separate do-
main categories of Social Affect and Restricted, Repetitive
Behaviors and a single total score to determine classifica-
tion. Separate algorithms are provided based on age and
language level: all children age 12-20 months, and chil-
dren age 21-30 months who produce fewer than five words
during the ADOS-2, receive the 12-20/Nonverbal 21-30
algorithm, and children age 21-30 months who produce
five or more words during the ADOS-2 receive the Some
Words 21-30 months algorithm. Clinical cut-off scores are
grouped within levels of concern for ASD, acknowledging
the diagnostic uncertainty inherent in very young children
due to significant developmental variability or confounding
conditions (e.g., intellectual disability, language impair-
ment). Research classifications with cut-points for ASD
and nonspectrum also are available (Luyster et al. 2009).

We examined the sensitivity of Toddler Module re-
search classifications and concern ranges for our samples,
and results were similar to those reported in the original
validation study (Luyster et al. 2009). Using the research
cutoffs of a total score of 12 for 12-20/Nonverbal and 10
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for Some Words 21-30, sensitivity in the original sample
was .94 for children who received the 12-20/Nonverbal
21-30 algorithm and .88 for children receiving the Some
Words 21-30 algorithm. Sensitivity in our replication
sample was 0.88 for the 12-20/Nonverbal 21-30 group and
0.71 for the Some Words 21-30 group. In the original
sample, 82.2 % fell within the moderate-to-severe concern
range, 14.4 % fell into the mild-to-moderate range, and
3.4 % fell into the little-to-no concern range. In the repli-
cation sample here, 72.2 % fell within the moderate-
to-severe range, 19.1 % were in the mild-to-moderate
range, and 8.7 % were in the little-to-no concern range.

In the current study, the ADOS-2 Toddler Module was
conducted as part of a clinic or research evaluation. A
similar battery of assessment measures was used across
sites and projects. The University of Michigan, University
of Minnesota, and University of Wisconsin-Madison ad-
ministered the Toddler Autism Diagnostic Interview-
Revised (Toddler ADI-R; Kim and Lord 2012; Lord et al.
1994) to inform diagnosis; children seen at FSU were given
a developmental history interview and parent-report mea-
sures of ASD symptoms. Children at all sites received
psychometric measures of cognitive and adaptive devel-
opment, including Mullen Scales of Early Learning
(MSEL; Mullen 1995), and Vineland Adaptive Behavior
Scales, 2nd edition (Vineland-II; Sparrow et al. 2005).
Additionally, language skills were assessed at the Univer-
sities of Michigan, Minnesota, and Wisconsin-Madison
using the Preschool Language Scales (PLS, 4th and 5th
editions; Zimmerman et al. 2002, 2011) and/or MacArthur-
Bates Communication Development Inventories, 2nd edi-
tion (Fenson et al. 1993). Diagnostic distinctions of autism
and non-autism ASD were made at the Universities of
Michigan and Wisconsin-Madison; at FSU and University
of Minnesota, subcategories were not assigned, and chil-
dren meeting criteria for DSM-IV diagnoses of Autistic
Disorder, PDD-NOS, or Asperger’s Disorder were given a
best estimate diagnosis of ASD. To be consistent with
DSM-5 (APA 2013), and because clinical subcategories
have been found to be unstable over time (e.g., Lord et al.
2006), unreliable across clinicians, and not representative
of meaningful differences in symptom presentation (Lord
et al. 2012c), children with any autism spectrum diagnosis
were grouped into one ASD category for the present
analyses.

Clinic-referred patients received oral feedback and a
written report without financial compensation. Participants
recruited only for the purpose of research received fi-
nancial compensation and a written summary of eval-
uation results. Institutional Review Boards at the
University of Michigan, FSU, University of Minnesota,
and University of Wisconsin-Madison approved all pro-
cedures related to this project.
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Site differences emerged in demographic and child
variables. Differences in child variables across sites were
expected due to differences in recruitment patterns and
study design across sites. We viewed these site differences
as beneficial to the purpose of this study, as we sought to
include children with varied levels of impairment and
symptom characteristics. The University of Wisconsin
sample generally was older, had lower verbal skills, and
showed greater impairment in IQ and ADOS-2 scores than
children from other sites. Families in the FSU sample self-
identified as more racially and ethnically diverse than
families from other sites. See Supplemental Tables 1 and 2
for further details on site differences.

Development and Analysis of Toddler Module
Overall and Domain CSS

The current study followed the procedures used in devel-
oping total and domain calibrated severity scores for
ADOS-2 modules 1 through 4 (Gotham et al. 2009; Hus
et al. 2014; Hus and Lord 2014). Calibrated severity scores
were created by dividing the pool of children with ASD
into narrowly defined age and language cells, and stan-
dardizing raw total scores from the Toddler Module algo-
rithms within these cells.

Development of the Total-CSS

Children were separated into groups based on the Toddler
Module algorithm received. Cells were not equal; as ex-
pected, we found relatively few children age 21-30 months
who had a large single word vocabulary who were even-
tually diagnosed with ASD. Within the two developmental
cells, distributions of Total, Social Affect (SA) domain,
and Restricted, Repetitive Behavior (RRB) domain scores
were generated separately for every l-month age group.
Next, age groups with similar score distributions were
collapsed to create the fewest number of age- and lan-
guage-level-determined “calibration cells.” In the end,
distributions were highly similar across ages within the
12-20/Nonverbal group and the Some Words 21-30 group.
Thus, two calibration cells resulted, corresponding to the
Toddler Module algorithms.

In creating the CSS for Modules 1-4 (Gotham et al.
2009; Hus and Lord 2014), Total-raw scores within
calibration cells were mapped onto a 10-point severity
rating scale based on percentiles of Total-raw scores cor-
responding to each ADOS-2 diagnostic classification.
Lower calibrated severity scores were associated with
fewer social communication and repetitive behavior con-
cerns. Scores 1-3 represented nonspectrum classifications,
4-5 represented ASD classifications, and 6-10 represented
autism classifications. Similarly, for the Toddler Module, a

CSS of 1-3 was set to represent Total-raw scores falling
within the little-to-no concern range, scores of 4-5 repre-
sented scores in the mild-to-moderate concern range, and
6-10 represented scores falling within the moderate-
to-severe concern range. Toddler Module concern range
thresholds were determined by the algorithm relevant to
each calibration cell. The range of Total-raw scores cor-
responding to each point on the CSS metric was deter-
mined by percentiles of available data associated with each
CSS point within a concern range, resulting in the Total-
CSS.

Development of Domain CSS

Because there are not separate SA and RRB cut-offs for
ADOS-2 classifications, the percentiles used for mapping
the overall Total scores were used to inform mapping of
raw SA and RRB totals to each respective domain CSS. As
with Modules 1-4, raw RRB domain scores were mapped
onto CSS values of 5-10, due to the limited range of the
RRB raw total (Hus et al. 2014; Hus and Lord 2014).
Because concern ranges were not available to anchor CSS
for SA and RRB domains, mappings were adjusted for the
SA-CSS so that, for each of the algorithm groups, at least
90 % of children in the moderate-to-severe concern range
received an SA-CSS greater than or equal to 6. For children
in the 12-20/Nonverbal group, sensitivity was 94.8 %; in
the Some Words 21-30 group, sensitivity was 90 %. Also,
100 % of children in the mild-to-moderate concern range
in both groups received an SA-CSS of 4 or higher, and
none of these children received an SA-CSS score above 7.
As with Modules 1-4, a goal of 80 % sensitivity was set for
the RRB-CSS, due to expected lower sensitivity in de-
tecting repetitive behaviors within the limited time and
contexts of an ADOS-2 administration (Hus et al. 2014).
This goal was attained for each algorithm group: 85.7 % of
children in the moderate-to-severe range in the 12-20/
Nonverbal group, and 88.8 % of children in the moderate-
to-severe range in the Some Words 21-30 group, received
an RRB-CSS of 6 or higher. Similarly, over 80 % of
children in the mild-to-moderate concern range received an
RRB-CSS of 5 or higher across both algorithm groups.
Table 3 shows the raw score range corresponding to each
CSS point within each calibration cell.

To ensure that scores 6-10 correspond to approximate
fifths of the ASD participants who scored in the moderate-
to-severe concern range, roughly 20 % of participants in
the moderate-to-severe group should receive any individual
score from 6 to 10. This was generally the case in our
dataset: for the Total-CSS, percentages across scores 6
through 10 ranged from 18.5 to 22.3 %, SA-CSS ranged
from 14.1 to 21.9 %; and RRB-CSS ranged from 15.4 to
20.1 %.
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Table 3 Mapping of ADOS-2 total and domain scores onto CSS

Toddler module CSS Raw totals

concern range

Overall total SA domain RRB domain
12-20/NV SW 21-30 12-20/NV SW 21-30 12-20/NV SW 21-30
Little-to-no 1 0-2 0-3 0-2 0-1 0 0
2 3-5 4-6 34 2-3 - -
3 6-9 7 5-6 4-5 - -
Mild-to-moderate 4 10-11 8-9 7-9 6-8 - -
5 12-13 10-11 10 9-10 1-2 1
Moderate-to-severe 6 14-16 12 11-12 11 3 2
7 17-18 13-15 13-14 12-13 4 3
8 19-21 16-17 15-16 14-15 5 4
9 22-23 18-20 17-18 16-18 6 5
10 24-28 21-28 19-20 19-22 7-8 6

CSS calibrated severity score, /12-20/NV toddler module algorithm for children age 12-20 and nonverbal children, SW 2/-30 toddler module
algorithm for children age 21-30 months who used single words, SA social affect, RRB Restricted, repetitive behavior

Analyses conducted by Gotham et al. (2009), Hus et al.
(2014), and Hus and Lord (2014) were repeated with this
Toddler Module dataset. Distributions of raw and
calibrated severity scores were compared to assess whe-
ther CSS distributions across age/language cells were
more uniform than raw score distributions. Linear re-
gression models were analyzed to compare the relative
independence of CSS and raw totals from child charac-
teristics. Potential predictors were entered into a struc-
tured hierarchical regression model, in which Block 1
included verbal and nonverbal IQs and mental ages
(which are known to affect the expression of ASD
symptoms and for which we hoped to limit the effect on
ADOS-2 scores through the CSS; Bishop et al. 2006; Lord
and Spence 2006), and Block 2 included gender, maternal
education, and race (variables that could affect ASD
symptoms but that often have had non-significant effects
when IQ and mental age variables are controlled; Gotham
et al. 2009). Only model R? are reported, because inter-
pretation of the meaning of these individual coefficients is
limited by multicollinearity. For all regression models,
Cohen’s f2 was computed; f2 of .02, .15, and .35 reflect
small, medium, and large effect sizes, respectively (Cohen
1988). Significant predictors were then entered into For-
ward Stepwise models to determine the relative contri-
butions of these individual variables to raw scores and
CSS. These analyses then were replicated using Toddler
Module non-overlapping assessments from children with
repeated measure data to further validate the CSS. Finally,
several assessments with longitudinal data were chosen to
exemplify various patterns of severity change over time
across diagnostic groups. Analyses were completed using
SPSS Version 21 and 22.
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Results
Comparing Distributions of Raw Totals and CSS

Distributions of Toddler Module raw Total, Social Affect,
and Restricted, Repetitive Behavior scores were generated
for each age/language cell (Fig. 1a, c, e) and compared to
the distributions of CSS for each cell (Fig. 1b, d, f).
Distributions of CSS showed increased comparability
across the two groups. There was a non-significant trend
for children in the older, verbal group to have lower Total-
CSS compared to the nonverbal and younger group
(t =190, p < .058); the difference between groups is
within 0.5 point and similar to mean CSS distributions for
Modules 1-4 (Gotham et al. 2009; Hus and Lord 2014).
Children in the Some Words 21-30 group had lower
SA-CSS than children in the Nonverbal/12-20 group
(t = 4.40, p < .001). We tolerated this difference, because
Toddler ADI-R scores and IQ scores suggested a level of
greater impairment in children in the Nonverbal/12-20
group. Adjusting the SA-CSS to be more equal between
groups could have misrepresented true differences in
severity. Differences in RRB-CSS were not significant.
Means and standard deviations of CSS and raw scores are
listed by age/language cell in Table 4.

As expected, site differences in CSS were present. No
significant differences were found for children who used
five or more words during the ADOS-2. Among nonverbal
children, the University of Wisconsin sample had sig-
nificantly higher Total-CSS (F = 12.31, p < .001),
SA-CSS (F = 5.86, p < .001), and RRB-CSS (F = 17.15,
p < .001) than children from the University of Michigan or
FSU. Children from the University of Minnesota also had
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Table 4 Raw score and CSS
means and standard deviations

Algorithm  Total-raw

Total-CSS

SA-raw SA-CSS RRB-raw RRB-CSS

by age/language cell (ASD N M SD

M SO M SO M SO M SO M SD

assessments only)
12-20/NV 272

SW 21-30 116

18.68 4.66
14.83  4.79

7.44 1.86
7.03  2.09

1447 354 744 184 421
1194 425 651 207 2.89

206 7.16 2.04
1.59 6.76 191

CSS calibrated severity score, /2-20/NV toddler module algorithm for children age 12-20 and nonverbal
children, SW 27/-30 toddler module algorithm for children age 21-30 months who used single words, SA
social affect, RRB restricted, repetitive behavior

higher RRB-CSS than children from the University of
Michigan (p < .01) (Supplemental Table 2).

Correlations Between Domain and Total CSS

Correlation results were very similar to those of Modules
1-4 (Hus et al. 2014; Hus and Lord 2014). Associations
between SA- and RRB-CSS were significant but weak
(r = .28). Correlations between both SA- and RRB-CSS
and Total-CSS were strong, but the correlation between
SA-CSS and Total-CSS was stronger (r = .90) than for
RRB-CSS and Total-CSS (r = .59), due to the greater
proportion of SA items contributing to the Total-CSS than
RRB items.

Relative Independence of CSS from Participant
Characteristics

Using the original sample of children with ASD
(N = 388), linear regression analyses were performed
separately for dependent variables of total and domain CSS
and raw scores to examine whether participant character-
istics such as age and IQ would be less associated with CSS
than they were with raw scores.

Predictors of Total-Raw and Total-CSS

Using the full model, 30.5 % of the variance in Toddler
Module Total-raw was explained. No individual predictor
was statistically significant, but multicollinearity was high
for IQ and mental age variables. Verbal IQ showed a trend
(p = .063) as a predictor of Total-raw scores. For Total-
CSS, the full model accounted for 20.1 % of the variance,
and no variables emerged as significant predictors. This
represents a reduction in the influence of child character-
istics from an f* of .44 for Total-raw to an f* of .25 for
Total-CSS.

Although no single predictor was statistically sig-
nificant, because the models were significant, individual
predictors were entered into Forward Stepwise models to
assess the individual contribution of each variable (see
Supplemental Table 3). For Total-raw scores, verbal 1Q
accounted for the majority of the variance (26.4 %), while
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nonverbal mental age contributed an additional 3.0 %. All
other variables were excluded from the model, indicating
they were not significant. In the Forward model predicting
Total-CSS, verbal IQ again accounted for the majority of
the variance (15.7 %), and nonverbal 1Q explained 3.1 %.
These results reflect a reduction in the influence of verbal
1Q from a large effect size (f2 = .36) for Total-raw to a
medium effect size (f* = .19) for Total-CSS.

Predictors of SA-Raw and SA-CSS

For the SA domain, child characteristics in the full model
accounted for 23.6 % of the variance in SA-raw scores, and
again, only verbal 1Q showed a trend for significance
(p = .063). In contrast, 19.3 % of the variance in SA-CSS
was explained by child characteristics, with verbal IQ
showing a trend for significance (p = .077). Thus, the in-
fluence of child characteristics was reduced from an f* of
31 for SA-raw to an f* of .24 for SA-CSS.

Again, because the models were significant, individual
predictors were entered into Forward Stepwise models. For
SA-raw, verbal IQ contributed the greatest proportion of
the variance, (19.3 %), while nonverbal mental age ac-
counted for 3.5 %. For SA-CSS, verbal IQ explained
16.2 % of the variance, while nonverbal mental age ex-
plained 2.1 %. All other variables were excluded from both
models. The CSS for SA modestly reduced the influence of
verbal IQ from an f* of .21 for SA-raw to an f* of .19.

Results from Forward Stepwise models are presented in
Supplemental Table 3.

Predictors of RRB-Raw and RRB-CSS

For the RRB domain, child characteristics accounted for
17.6 % of the variance in RRB-raw, and no predictors
emerged as significant. For RRB-CSS, child characteristics
accounted for 11.4 %, and nonverbal IQ demonstrated a
trend as a predictor of RRB-CSS (p = .058). The influence
of child characteristics was reduced from an f* of .21 for
RRB-raw to an f* of .13 for RRB-CSS.

All predictors were entered into Forward Stepwise
models, and only verbal IQ emerged as a predictor of RRB-
raw, accounting for 15.4 % of the variance. For RRB-CSS,
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verbal IQ and nonverbal IQ were statistically significant
but explained small proportions of the variance in RRB-
CSS (7.1 and 1.8 %, respectively). Thus, the influence of
verbal IQ was reduced from an f* of .18 for RRB-raw to an
#* of .08 for RRB-CSS.

Replication with Repeated Assessment Data

Comparisons, Correlations, and Relative Independence
of Raw Scores and CSS

In mapping raw total scores onto a 10-point calibration
scale, raw scores corresponding to each calibrated severity
score were highly similar across original and replication
samples, with no shifts in range greater than one raw score
point (e.g., whereas a CSS of 8 corresponded to raw total
scores of 19-21 for the Nonverbal/12-20 group in the
original sample, the range was 19-20 for the replication
sample). The original CSS map was therefore used for
analyses with the replication sample.

Distributions of total and domain raw scores and CSS are
presented in Fig. 2. Distributions of Total-CSS showed in-
creased comparability across the two groups in the repli-
cation sample in contrast to raw total scores. However, the
trend of the Some Words 21-30 group having lower CSS
than the Nonverbal/12-20 group was exaggerated and more
significant in this replication sample. Children in the Some
Words 21-30 group had significantly lower Total-CSS
(t=3.71, p <.001), SA-CSS (¢t = 6.46, p < .001), and
SA-RRB (r = 2.19, p = .029) compared to the Nonverbal/
12-20 group. In general, mean CSS were lower in the
replication sample than in the original sample (see Table 5).
This difference is likely due to recruitment effects and the
fact that the University of Wisconsin sample, which was
generally older and less cognitively able, was not included
in the replication sample. As a result, the repeated assess-
ment sample had higher verbal and nonverbal skills and
included a higher proportion of children who were in
treatment studies and/or assessed prior to developing clear
ASD concerns compared to the original sample.

Linear regression analyses were repeated with the
replication sample, with Forward Stepwise models per-
formed where appropriate. Results of Forward Stepwise
regressions are presented in Supplemental Table 4. The full
model accounted for 41.8 % of the variance in Total-raw
scores, and verbal IQ emerged as a significant predictor.
The same model accounted for 30.6 % of the variance in
Total-CSS, and verbal IQ remained a significant predictor.
This represents a reduction in the influence of child char-
acteristics from an f* of .72 for Total-raw to an /> of .44 for
Total-CSS. Because there was only one significant pre-
dictor of Total-raw and Total-CSS, Forward Stepwise
models were not run.

For Social Affect, the full model accounted for 40.2 %
of the variance in SA-raw, and verbal IQ and maternal
education level emerged as significant predictors. The same
model accounted for 38.0 % of the variance in SA-CSS.
Verbal IQ was a significant predictor of SA-CSS, and
maternal education level showed a trend for significance
(p = .052). The influence of child characteristics was
slightly reduced from an f* of .67 for SA-raw to an f> of .61
for SA-CSS. Next, verbal IQ and maternal education level
were entered into Forward Stepwise models. For SA-raw,
verbal IQ explained 36.7 % of the variance, and maternal
education was excluded from the model, indicating it was
not significant. For SA-CSS, verbal IQ explained 34.5 % of
the variance, and maternal education again was excluded.
Effect sizes remained large (f* = .58 for SA-raw and
> = .53 for SA-CSS).

For Restricted and Repetitive Behaviors, the full model
accounted for 16.3 % of the variance in RRB-raw and
12.2 % of the variance in RRB-CSS. In this case, gender
emerged as a small but statistically significant predictor of
RRB-raw with slightly higher scores for males; no variable
was a significant predictor of RRB-CSS. The influence of
child variables showed a small reduction from an f* of .19
for RRB-raw to an f* of .14 for RRB-CSS. As only one
variable emerged as a predictor of RRB-raw, Forward
Stepwise models were not performed.

Case Summaries

Four children with longitudinal data were selected to il-
lustrate the utility of the Toddler Module CSS for exam-
ining early patterns of ASD symptoms and their trajectories
over time. CSS by chronological age are plotted in Fig. 3,
with ADOS-2 module and raw score displayed for each
time point. See Table 6 for child characteristics at first and
last assessment.

Case 1

‘Henry’ is a clinic-referred male who showed a stable and
severe pattern of ASD symptoms. Henry was diagnosed
with ASD at 17 months and enrolled in full-time applied
behavior analysis (ABA) intervention at 18 months. At
17 months, he rarely initiated social interaction, rarely
vocalized, and typically communicated using physical
means (use of other’s body, giving objects). He engaged in
frequent complex mannerisms, visual sensory exploration,
and repetitive spinning of objects. After entering ABA,
Henry markedly improved in structural communication and
began using vocalizations and words to request. His
relatively lower SA-CSS after initiating intervention re-
flected improvements in pairing eye contact with requests,
using words and phrases for a variety of pragmatic
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Table 5 Raw score and CSS means and standard deviations by age/language cell (replication sample ASD assessments only)

Algorithm Total-raw Total-CSS SA-raw SA-CSS RRB-raw RRB-CSS

N M SD M SD M SD M SD M SD M SD
12-20/NV 285 17.36 4.92 6.94 2.02 13.74 3.99 7.08 2.04 3.62 2.00 6.61 1.99
SW 21-30 150 12.89 5.26 6.12 2.46 10.49 4.70 5.70 2.28 2.39 1.40 6.17 1.91

CSS calibrated severity score, /12-20/NV toddler module algorithm for children age 12-20 and nonverbal children, SW 2/-30 toddler module
algorithm for children age 21-30 months who used single words, SA social affect, RRB restricted, repetitive behavior
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Fig. 3 Case summaries of longitudinal total and domain calibrated severity scores

Table 6 Case summary characteristics

Demographics First assessment Last assessment

Gender Race Age (mos) VIQ NVIQ Age (mos) VIQ NVIQ ADOS Module Diagnosis
Henry Male White 17 34 101 44 100 108 2 Autism
Kyle Male White 14 69 98 34 129 113 2 Autism
Roman Male Hispanic 15 90 104 30 94 93 2 PDD-NOS
Lydia Female White 14 68 96 31 87 104 1 Autism

purposes, and initiating and responding to social interac-
tions more frequently, albeit still inconsistently. His RRB-
CSS showed a stable pattern of frequent engagement in

repetitive sensory and motor behaviors, stereotyped speech,
and repetitive uses of objects. Difficulties interrupting these
behaviors affected interaction quality and rapport.
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Case 2

‘Kyle,” who was seen as part of a clinical research study on
early diagnosis, showed a pattern of moderate and stable
severity. Kyle was given a best estimate diagnosis of
Autistic Disorder at 14 months. He produced five or more
words during each Toddler Module administration. In so-
cial communication on the Toddler Module, Kyle showed
persistent atypical use of eye contact, facial expressions,
and gestures, although he did initiate joint attention, point
to, and show objects to some degree. He also engaged in
unusual sensory interests and exhibited preoccupations/
repetitive uses of objects; however, he showed fluctuations
in restricted/repetitive behaviors between 19 and
34 months of age, and his sensory interests decreased over
time. Kyle experienced a significant increase in verbal
skills starting at 22 months, and these skills remained
above average from this point.

Case 3

‘Roman’ is a male with an older brother with ASD, seen as
part of a study on early diagnosis. Roman showed a less
severe pattern of ASD symptoms overall and ultimately
was assigned a DSM-IV diagnosis of PDD-NOS at
24 months. Roman showed few deficits in social interac-
tion and communication early on, although he consistently
engaged in mild preoccupations and repetitive uses of ob-
jects, reflected in his RRB-CSS trajectory. His Toddler
Module scores were mainly in the little-to-no concern
range until he developed phrase speech. At that time, mild
deficits in social overtures and responses and inconsistent
use of eye contact and gestures were observed. After age
24 months, he also began engaging in complex manner-
isms. These behaviors led to corresponding increases in
domain and total CSS. He scored just under the ASD range
at his final appointment, when he showed fewer complex
mannerisms and improvements in use of facial expressions,
gestures, and showing. Best estimate diagnosis remained
PDD-NOS.

Case 4

‘Lydia’ is a clinic-referred female with an older sister with
ASD. Her parents sought an evaluation at 14 months due to
concerns about social communication and motor develop-
ment (an ADOS-2 was not given until she was walking,
which occurred at 17 months). Lydia was diagnosed with
ASD at 17 months and immediately enrolled in full-time
ABA intervention. She was diagnosed with absence seizures
at 28 months. She showed a moderate and stable pattern of
ASD symptoms over time. Throughout her assessments,
Lydia showed deficits in social communication involving
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limited eye contact and use of gestures or pointing. She
consistently shared enjoyment but in a limited number of
ways; for example, she frequently smiled and brought toys
over to her parents’ laps but did not orient the toys or initiate
joint attention to distal objects. After initiating intervention,
improvements were observed in Lydia’s structural language
and use of words for a variety of pragmatic purposes, pairing
eye contact with social overtures, and participating in
structured play. However, she continued to show a high level
of repetitive uses of objects and stereotyped speech after
starting intervention. Separating the SA-CSS and RRB-CSS
trajectories illustrates the relative improvement in social
communication variables compared to restricted, repetitive
behaviors.

Discussion

As with the CSS for Modules 1-4, the Toddler Module
CSS resulted in more uniform distributions across age and
language level compared to raw total and domain scores.
The CSS was less influenced by child characteristics not
specific to ASD, including verbal 1Q, than raw total and
domain scores. In the original sample, verbal 1Q was a
significant predictor of raw and domain scores; however,
its influence was reduced for CSS compared to raw scores.
For Total scores, verbal IQ was reduced from accounting
for 26.4 % of the variance in Total-raw to 15.7 % of the
variance in Total-CSS. For SA scores, verbal 1Q explained
19.3 % of SA-raw, and this was modestly reduced to
16.2 % for SA-CSS. In the case of RRB, verbal IQ ac-
counted for 15.4 % of the variance in RRB-raw and 7.1 %
of RRB-CSS. Nonverbal mental age exerted a small but
statistically significant influence on Total and SA raw
scores and CSS, and nonverbal IQ emerged as statistically
significant, accounting for small amounts of the variance in
RRB-raw and RRB-CSS. The amount of variance ex-
plained by these nonverbal cognitive variables was reduced
for RRB-CSS and SA-CSS, but not for Total-CSS. Fur-
thermore, mean Toddler CSS were comparable across
Toddler algorithms and to CSS means for Modules 14 (de
Bildt et al. 2011, Gotham et al. 2009, Hus et al. 2014; Hus
and Lord 2014; Shumway et al. 2012), supporting the
utility of using these scores for comparisons of children
with ASD across modules using cross-sectional data.
Total and domain CSS decreased the influence of verbal
1Q less for the Toddler Module than they had for Modules
1-3 (Gotham et al. 2009; Hus et al. 2014). However, it is
likely that the behaviors measured by the Toddler Module
are less separable from developmental and verbal levels
than those measured by later modules. Early measures of
verbal skills (such as the Mullen Scales) include items
which overlap with ADOS-2 SA items. Thus, the fact that
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the influence of child characteristics was not substantially
reduced for the Toddler Module, particularly for SA-CSS,
is not surprising.

Our replication sample, which included only repeated
assessment data, yielded slightly less encouraging results.
We observed a similar pattern of reduced influence of
verbal IQ on Total-CSS and RRB-CSS compared to raw
scores, with the influence of verbal IQ not substantially
reduced for SA-CSS compared to SA-raw. Furthermore,
children in the Some Words 21-30 group had significantly
lower raw scores and CSS than children in the 12-20/
Nonverbal group, which was not the case in the original
sample. This result could be related to sampling; a larger
proportion of the replication dataset consisted of children
from prospective studies. Infant siblings accounted for
29 % of the replication sample overall and 31 % of chil-
dren in the Some Words 21-30 group, compared to 14 and
12 % for children in the original sample. It is reasonable to
assume the prospective nature of the studies involving re-
peated assessments led to some children being seen while
ASD symptoms were first emerging. Our original sample
included children seen for a single assessment, including
the older, more severely affected Wisconsin sample and a
higher proportion of children who were clinic-referred. It
will be important to replicate these findings in samples with
a variety of research- and clinic-referred populations, in-
cluding younger siblings of children with ASD as well as
more clinic referrals, to inform us about the diagnostic and
treatment utility of the CSS. Our case examples provide
illustration of how the CSS may be used to track devel-
opment; however, they were not selected to represent
overall longitudinal trends for children with ASD. Fur-
thermore, the finding of lower CSS in children in the Some
Words 21-30 group in the replication sample underscores
the need for care in drawing diagnostic conclusions for
young children without significant language impairment, as
symptoms may not be as pronounced on the ADOS-2 in
these children.

Toddler Module calibrated severity scores should be
especially useful in studies examining changes in the be-
havioral phenotype of ASD over time. Domain CSS may
contribute to studies seeking to identify early behavioral
patterns that predict ASD risk prior to the emergence of the
full disorder. For example, the presence of repetitive be-
haviors at 12 months has been identified as a key predictor
of diagnosis (Ozonoff et al. 2008; Wolff et al. 2014), and
changes in repetitive behaviors between age 2 and 3 were a
predictor of adult outcomes in a longitudinal study of in-
dividuals starting at age 2 through adulthood (Anderson
et al. 2014). The Toddler Module RRB-CSS is now
available to examine ASD symptoms independent of social
communication symptoms. As with other modules, Toddler

calibrated severity scores may also be especially useful for
studies that examine relationships between genetic or
neurobiological markers and dimensional behavioral fea-
tures of ASD.

There is an emerging evidence base for preventative
intervention programs for infants at risk for ASD (Green
et al. 2013; Steiner et al. 2013). These programs enroll
children as young as 8 months of age due to their risk
status as younger siblings of children with diagnosed
ASD. There is a need for objective measures of changes
and improvements in ASD symptoms for very young
children in response to intervention. Toddler Module
calibrated severity scores provide a means to track ASD
symptoms starting as soon as children are walking, al-
lowing for examination of long-term outcomes for chil-
dren. However, researchers should be cautioned that the
ADOS-2 is a diagnostic measure, and its purpose is to
detect core symptoms in ASD in social communication,
play, and repetitive behaviors. If children truly move out
of a diagnosis of ASD, then the CSS should reflect this
trajectory. However, for children with established diag-
noses of ASD, calibrated severity scores designed to
capture severity of core symptoms may not be expected to
abate in the same way that measures of anxiety or ADHD
symptoms may show improvement in response to treat-
ment (Hus and Lord 2014). The two children in our case
examples who initiated full-time ABA intervention prior
to 18 months showed a pattern of some reduction in So-
cial Affect severity but little reduction in severity of
repetitive behaviors. However, conclusions cannot be
drawn from these anecdotal examples, and more work is
needed to examine the utility of the CSS for measuring an
individual’s response to intervention. Although there is a
practical need for tools to measure progress in core
symptoms of ASD, it is not recommended that the CSS be
used in isolation in making funding or eligibility decisions
for intervention.

We reiterate the caution stated in previous studies in
which calibrated severity scores for the ADOS-2 were
developed (Gotham et al. 2009; Hus et al. 2014; Hus and
Lord 2014) and described within the ADOS-2 manual:
Toddler Module calibrated severity scores should not be
interpreted as an overall measure of a child’s level of im-
pairment. These scores are one marker of severity of ASD
symptoms, as measured by the ADOS-2, relative to other
children with ASD at the same age and language level.
Calibrated severity scores provide one piece of information
in determining a child’s need for supports. Additional
assessment of cognitive development, language, adaptive
skills, and internalizing and externalizing behaviors is
needed to develop a comprehensive picture of a child’s
needs.
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Limitations

As stated earlier, due to the variability in sample sources
for this dataset, results may be influenced by recruitment
effects. In order to achieve a dataset of very young children
large enough to conduct our analyses, data from several
different studies with different recruitment patterns were
combined. Our dataset consists of consecutive clinic re-
ferrals, community-based samples, and participants re-
cruited for a variety of treatment studies and studies
specific to high-risk infants. Clinic-referred samples con-
tain potential bias, in that there is evidence that young
children with significant delays in developmental skills are
more likely to be referred for diagnostic evaluation (De
Giacomo and Fombonne 1998; Stone et al. 1994). More-
over, clinic-referred patients under 30 months who are not
language delayed may be more likely to have significant
ASD symptoms, accounting for their early referral (Luyster
et al. 2009). Both of these issues may result in a score
distribution at the higher end of the range of ADOS-2
scores. On the other hand, children followed prospectively
may have initiated research participation before symptoms
had clearly manifested, which may have resulted in lower
scores on the ADOS-2 compared to a clinic-referred group.
An acknowledged limitation of our replication sample is
that it was not independent from our original sample; one
assessment from children with repeated assessments was
randomly selected for inclusion in the original sample, and
the replication sample consisted of the remaining assess-
ments from children with multiple assessments only. Re-
sults from analyses with the replication sample also should
be interpreted with caution due to the known differences in
our sample in characteristics of children seen multiple
times compared to children seen once.

Toddler Module calibrated severity scores show promise
as a tool for behavioral phenotyping of ASD in very young
children. Our analyses did not include an examination of
patterns of total and domain CSS for children who received
nonspectrum diagnoses or for children who were deter-
mined to be typically developing. This information is im-
portant, as patterns of typical development in very young
children can be variable. As practitioners and researchers
focus on identifying ASD at younger and younger ages,
there is concern that increased awareness of ASD and the
push for earlier diagnosis has sometimes led to mislabeling
of typical variations in development as ASD (Gnaulati
2013). It will be important to understand the degree of
overlap between the dimensions of social communication
and repetitive behaviors across children with ASD, other
nonspectrum conditions, and typical development. Initial
work in this area has been done with toddlers using raw
ADOS-2 total and domain scores, and distinct trajectories
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were identified for children with ASD and those with
typical development or other nonspectrum developmental
disorders (Chawarska et al. 2009; Lord et al. 2012b). A
future direction of our work is to replicate these trajectories
of ASD symptoms using the Toddler Module CSS in
children with and without ASD.

Conclusion

The current study extends findings of calibrated severity
scores for the ADOS-2 Modules 1-4 to the Toddler Module to
increase comparability of scores across time, age, and
module. Toddler calibrated severity scores are less influ-
enced by verbal level and thus should provide a better metric
of ASD symptom severity than raw total and domain scores.
However, although this effect was reduced, it was not
eliminated, and researchers and clinicians will need to be
aware that scores on the Toddler Module are likely to be
higher for children with significant language delays. As with
Module 1-4 calibrated severity scores, Toddler calibrated
severity scores should be replicated in large independent
samples to further explore their reliability and clinical utility.
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