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Abstract Autism Diagnostic Observation Schedule
(ADOS) Modules 1-3 item and domain total distri-
butions were reviewed for 1,630 assessments of chil-
dren aged 14 months to 16 years with an autism
spectrum disorder (ASD) or with heterogeneous non-
spectrum disorders. Children were divided by language
level and age to yield more homogeneous cells. Items
were chosen that best differentiated between diagnoses
and were arranged into domains on the basis of multi-
factor item-response analysis. Reflecting recent
research, the revised algorithm now consists of two
new domains, Social Affect and Restricted, Repetitive
Behaviors (RRB), combined to one score to which
thresholds are applied, resulting in generally improved
predictive value.

Keywords Autism - Autism spectrum disorders -
PDD-NOS - Diagnosis

Introduction

The Autism Diagnostic Observation Schedule
(ADOS) is a semi-structured, standardized assessment
of communication, social interaction, play, and imagi-
nation designed for use in diagnostic evaluations of
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individuals referred for a possible Autism Spectrum
Disorder (ASD). For both research and clinical diag-
nostic purposes, the ADOS is intended to complement
information obtained from developmental tests and a
caregiver history, such as the Autism Diagnostic
Interview-Revised (ADI-R; Rutter, LeCouteur, &
Lord, 2003). The ADOS encompasses four modules,
each with its own schedule of activities that allow
examiners to observe behavior in participants of par-
ticular developmental and language levels, ranging
from those with no expressive language to verbally
fluent children and adults. Items are scored on a
4-point scale, with the highest scores of 2 and 3 col-
lapsed in the algorithm in order to reduce impact of
individual items.

To receive an ADOS classification of Autism or
ASD, an individual’s scores must meet separate cut-
offs in a Communication domain, a Social domain,
and a summation of the two. To date, the ADOS has
been effective in categorizing children who definitely
have autism or not, but has had lower specificity and
sometimes sensitivity for distinctions involving chil-
dren with milder ASDs (Lord et al., 2000; Bishop &
Norbury, 2002; de Bildt et al., 2004). In the original
norming sample for Modules 1-3, the ADOS gen-
erally achieved 94% correct classification. The
exceptions were the ASD versus Non-spectrum
Module 2 specificity of 87% and Module 3 sensitivity
of 90%, and the Pervasive Developmental Disorder-
Not Otherwise Specified (PDD-NOS) versus Non-
spectrum Module 2 specificity of 88% and sensitivity
of 89% and Module 3 sensitivity of 80% (Lord,
Rutter, DiLavore, & Risi, 1999). That sample in-
cluded 188 children and adolescents (recipients of
Modules 1-3), with at most 21 participants in a
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diagnostic group per module; the 2000 data were
published with a request for replication in larger
samples.

Despite the initial evidence for strong validity in
classifying ASDs, several concerns can be raised
about using the ADOS including floor and ceiling
effects in the current algorithm totals and the effect of
level of impairment. The ADOS scores in the nor-
ming sample had minimal association with verbal
mental age (Lord et al, 1999), and divisions into
modules ensured that two individuals functioning at
the same mental age would receive the same schedule
of activities and thus receive scores on the same
items, regardless of their chronological age. However,
an 8- and a 4-year-old who primarily used simple
phrases would be scored similarly on the same ADOS
algorithm, despite a clear difference in their levels of
developmental impairment. In 2002, Joseph et al
(Joseph, Tager-Flusberg, & Lord, 2002) reported that
ADOS social domain totals were correlated with level
of cognitive impairment for preschool children and
with the discrepancy between verbal and non-verbal
IQ as measured on the Differential Ability Scales
(DAS; Elliott, 1990). Data from de Bildt et al. (2004)
suggested that, in a sample of children with mental
retardation (MR), ADOS classifications appeared to
be least valid for children with mild MR. It is unclear
the exact role chronological age plays in the issue of
impairment level; de Bildt et al. reported ADOS
sensitivity increased with age in their mentally
retarded sample (2004), while Lord et al. found the
opposite effect in the original norming sample that
had a smaller percentage of participants with MR
(2000). Results from Bishop and Norbury (2002)
suggest the ADOS may also be overinclusive with
children with specific language impairments, though
Noterdaeme et al. found excellent agreement between
ADOS and clinicians’ classification in their language-
impaired sample (Noterdaeme, Mildenberger, Sitter, &
Amorosa, 2002).

One approach to improve the sensitivity and speci-
ficity while possibly reducing the age and IQ effects of
the ADOS is to divide the sample into smaller, more
homogeneous cells by developmental level, language
level, or age, and then create algorithms composed of
the items that best differentiated between clinical
diagnoses within each cell. Because our goal was to
generate improvements that could be used with exist-
ing data, the current ADOS divisions by module were
retained. An eventual goal in ASD identification is to
integrate information from the ADOS and the ADI-R
for individual cases; thus, at a minimum, we also

@ Springer

wanted the new groupings proposed to be comparable
to ADI-R distinctions of language level.

Previous factor analyses of the ADOS identified one
factor underlying the social and communication
domain items (Robertson, Tanguay, L’Ecuyer, Sims, &
Waltrip, 1999; Lord et al., 1999, 2000), though sepa-
rating the two domains yielded slightly higher speci-
ficity. Although considered separately in DSM-IV and
ICD-10, several recent studies have suggested that
non-verbal communication and social items often load
onto the same factor (Robertson et al., 1999; Con-
stantino et al., 2004). At issue, too, is the inclusion of
restricted, repetitive behavior (RRB) items in an
ADOS diagnostic total. Currently, these items appear
on the algorithm but do not contribute to the total
score that results in a spectrum/non-spectrum classifi-
cation. This decision was based on the narrow window
of time available to observe such behaviors in the
context of the administration (Lord et al., 2000).
However, recent findings suggest that RRB, even in
the limited context of the ADOS, may make an inde-
pendent contribution to diagnostic stability (Lord
et al., 2006). Another reason for reviewing the current
ADOS algorithms was to test whether including RRB
items in the total score, so that they contribute to the
total but are not required for a classification of autism,
increased the validity of the measure.

The goal of the present research is to address these
topics in order to improve the sensitivity and specificity
of the ADOS algorithms for Modules 1 through 3, and
to test the feasibility of employing items of similar
conceptual content, though developmentally graded, in
algorithms across all three modules used with children,
allowing for easier comparison of cases. This endeavor
is the first step of a larger project that aims to use
ADOS algorithm scores from existing data to generate
a calibrated metric of severity of autism, as indepen-
dent as possible of current language levels. For ease in
scoring, we wanted to create an algorithm with fewer
items, chosen from items with the best possible diag-
nostic distinctions for increased predictive value of the
measure and organized to remain as consistent as
possible across developmental cells while maintaining
or improving classification performance. Because we
suspected floor and/or ceiling effects may occur in the
current ADOS totals, we began with all available items
as options for inclusion in a new algorithm, instead of
attempting to adjust the item pool of the current
algorithm. Our goal is to improve the usefulness of the
ADOS in quantifying social-communicative deficits
and in making more difficult diagnostic distinctions
between ASD and other disorders.
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Methods
Participants

Analyses were conducted on data from 1,139 different
participants. Some participants had repeated assess-
ments yielding a total of 1,630 cases (each case was
defined by complete data from a contemporaneous
ADOS, verbal 1Q, and best estimate clinical diagno-
sis); thus one participant could provide data for two or
three cases based on evaluations conducted at differ-
ent points in time. From the sample of 1,630, 321 were
given an ADOS precursor, the Pre-Linguistic ADOS
(PL-ADOS), from which scores on identical items
were recoded as Module 1 ADOS scores. The majority
of participants completed a diagnostic evaluation at
the University of Chicago Developmental Disorders
Clinic or the University of Michigan Autism and
Communication Disorders Center (UMACC). The
rest participated in a longitudinal study conducted
through TEACCH Centers at the University of North
Carolina, Chapel Hill, and a clinic at the University of
Chicago, or in recent, ongoing studies at UMACC, in
which participants with non-ASD developmental
delays, ASD-affected sibling pairs, or children between
12 and 36 months of age who fail a social-communi-
cation screener are recruited for a comprehensive
evaluation. The sample was limited to participants
aged 12 years or younger for Modules 1 and 2, and
16 years or younger for Module 3. The resulting age
range of the sample is 14-192 months. Because older
adolescents and adults with ASD were seen as a
behaviorally distinct group that merited individual
study, ADOS Module 4 recipients were excluded from
the outset.

The final dataset included 912 cases with clinical
diagnoses of autism (56% of entire sample), 439 with
non-autism ASD (27%), and 279 with non-ASD
developmental delays (17%). Within the non-spec-
trum sample of 279 cases, 115 had non-specific MR
(41% of non-spectrum total), 58 were cases with lan-
guage disorders (21%), 35 with oppositional defiant
disorder, ADD and/or ADHD (12%), 38 with Down
syndrome (14%), 16 with mood and/or anxiety disor-
ders (6%), and 17 with an unspecified early delay
(6%). Refer to Table 1 for a more detailed description
of this sample.

Gender varied across module and diagnostic group
from 57 to 86% male. Ethnicity across module and
diagnostic group ranged from 71 to 91% Caucasian,
4-27% African American, 1-5% Asian American,
0-0.8% Native American, 0-2.2% biracial, and 0-0.6%
other or unknown race.

Measures and Procedure

The ADOS was administered by a clinical psychologist
or a trainee who had completed research training and
met standard requirements for research reliability
(Lord et al., 1999). A developmental hierarchy of
psychometric measures, most frequently the Mullen
Scales of Early Learning (MSEL; Mullen, 1995) and
the DAS (Elliott, 1990) were used to determine 1Q
scores. Cognitive testing generally took place imme-
diately before the ADOS administration. The ADI-R
was available for 1,357 cases in our sample and the
Vineland Adaptive Behavior Scales (VABS; Sparrow,
Balla, & Cicchetti, 1984) for 1,409 cases. These two
measures were administered together during a parent
appointment that generally preceded the child assess-
ment. Clinicians (usually a clinical psychologist and
child psychiatrist) involved in each case together
determined a best estimate diagnosis after review of all
information. Clinic-referred participants received oral
feedback and a written report without financial com-
pensation. Participants who were recruited only for the
purpose of research received compensation and a
written summary of evaluation results. All procedures
related to this research were approved by the Institu-
tional Review Boards at the University of Chicago or
the University of Michigan.

Inter-rater reliability on the ADOS was monitored
through joint administration and scoring by two dif-
ferent examiners for at least 1 in 10 cases and, in some
cases, through scoring of videotapes. Agreement
remained at greater than 85%. Disagreements were
resolved through discussion. Within this sample, 26
different examiners collected the data from the ADOS
over 10 years.

Design and Analysis

The ADOS domain means were compared by module
and diagnosis for the current sample and the original
ADOS norming sample. Domain total distributions for
this sample were generated within each module. When
distributions appeared to exhibit floor or ceiling
effects, items within that domain were evaluated to
identify individual variables contributing to the effect.
Correlations between ADOS totals and chronological
age, verbal 1Q, and verbal mental age were examined,
and where possible, the sample was divided by age and
language level within each module to yield cells with
lower correlations between the ADOS totals and these
variables. At that point, item distributions were con-
sidered within each cell in order to select those that
best differentiated between diagnoses.
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Table 1 Sample description

DX Mod 1 Mod 2 Mod 3
N Mean SD Range N Mean SD Range N Mean SD Range
Autism age 592 5464 2683 14-144 188 79.60 29.27 28-143 132 100.81 29.35 42-183
viq 592 3128 1852  2-103 188 60.82 21.73 22-127 132 8529 23.18 31-159
nviq 579 57.68 2318 2-144 185 8139 2416 25-150 131  91.13 2322 34-155
vma 592 1453 943 1-65 188 4196 1530 13-102 132  81.90 3530 35-264
nvma 589 2824 1420 2-110 186 6275 2554 17-155 131 9147 3193 25-165
ADI social 526 20.92 582  1-30 137 2054 6.02 230 93 1933 564 129
ADI comm-V 67 1572 442 324 131 1744 392 425 93 16.75 450  5-25
ADI comm-NV 526 11.21 296 0-14 137 996 314 0-14 93 9.00 350 0-14
ADI-RR 526 4.99 196 0-10 137  6.64 255 0-12 93 747 272 2-12
ADOS social 592 11.28 222 0-14 188 1048 239 5-14 132 883 271 0-14
ADOS comm 592 631 1.63 0-10 188  7.59 164 2-10 132 485 180 0-8
PDD-NOS age 160 4088 17.01 15-107 91  60.65 21.57 28-130 188 100.29 30.02 45-172
viq 160 5140 22,07 7-108 91 7240 17.78 28-121 188  99.47 21.50 49-151
nviq 158 72776 25.69 15-128 91 83.52 2280 31-130 181 97.78 19.86 47-153
vma 160 1956 1197 1-68 91  39.65 1132 1884 188  99.55 4270 39-264
nvma 159 2876 1487 7-78 91 5011 17.81 23-134 181 9727 3310 37-190
ADI social 148  14.11 646 028 69 12.06 642 229 133 1511 749 029
ADI comm-V 41 10.56 527 125 58 11.14 474 021 133 1278 541  0-24
ADI comm-NV 148 843 405 0-14 69 5.68 353 0-13 133 653 371 0-14
ADI-RR 148  3.61 231 0-9 69 422 261  0-10 133 529  3.04 0-12
ADOS social 160 771 350 0-14 9 6.62 337  0-14 188 6.02 288 0-14
ADOS comm 160  3.97 209 09 91 5.26 195 1-10 188 315 168 0-8
Non-spectrum  age 135 4379 22,09 14-129 61 6985 30.71 37-143 83  103.75 2998 51-192
viq 135 5799 2489 10-113 61 7484 2192 24-120 83 90.70 2190 41-139
nviq 131 69.15 2715 13-132 61  76.05 2472 24-120 83 89.35 2244 40-151
vma 135 2254 1250 1-54 61 4541 1224 26-70 83 90.36  30.53 32-184
nvma 134 2763 1285 476 61 5020 1494 19-93 83 91.86 3138 34-129
ADI social 123 9.06 659 026 51 1035 625 028 77 958 691 0-24
ADI comm-V 41 4.54 361 0-13 50 9.58 519 223 77 884 585 0-24
ADI comm-NV 123  5.62 431  0-14 51 5.10 408 0-14 77 490 386 0-14
ADI-RR 123 213 1.72 0-6 51 3.65 270 09 77 340 251 0-10
ADOS social 135 3.93 364 0-14 ol 2.44 221 09 83 329 244 09
ADOS comm. 135 224 219 09 61 2.74 1.89  0-8 83 1.61 126 0-5

All ages are in months. Age Chronological Age, vig Verbal 1Q, nvig Nonverbal 1Q, vina Verbal Mental Age, nvma Nonverbal Mental
Age, ADI social ADI Social Total, ADI comm-V ADI Communication Total for Verbal Ss, ADI comm-NV ADI Communication
Total for Nonverbal Ss, ADI-RR ADI Restricted, Repetitive Behaviors Total, ADOS social ADOS Social Total, ADOS comm ADOS

Communication Total

Each item in each cell was labeled as preferred or
not preferred for inclusion in a new algorithm, with
inclusion criteria generated from and applied to social-
communication items, but not RRB items, which had
an expected diversity (Bishop, Richler, & Lord, 2006).
The criteria specified no more than 20% of autism
cases scoring a zero on an item, and no more than 20%
of non-spectrum cases scoring a 2 or 3. The former
percentage was allowed to rise to 27-45% for two
theoretically important items which performed well in
some but not all of the cells (“Gestures” for Module 3
and “‘Shared Enjoyment” for Modules 2 and 3). From
this pool of preferred items, roughly equivalent items
across modules were selected, so as to promote a
conceptually uniform model across modules that would
enhance inter-module comparisons.
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Exploratory multi-factor item response analysis
provided insight into the factor structure within each
cell and was used to organize the items into new
domains. All factor analyses reported here employed
Mplus software (Muthen & Muthen, 1998) to address
the ordinal nature of ADOS data. In an effort to bal-
ance getting the best fit by cell with having one model
consistent across cells, factor loadings from promax
oblique rotations were used to select better-performing
items across developmental cells in a theoretically
meaningful way. For example, where the item
“Pointing” had failed to differentiate effectively be-
tween diagnoses in one cell, “Response to Joint
Attention” replaced it; the item was theoretically
similar (relating to shared interest) and loaded on the
same factor. Goodness-of-fit was verified through
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confirmatory factor analysis, and logistic regression
used to examine the weighting of the two domains in
view of the relative predictive value of scores from the
different factors.

Domain total distributions of the new algorithm
model were assessed for floor and ceiling effects, and
correlations were generated between items and the
remainder of the domain, as well as between items and
participant characteristics like age and 1Q. The ROC
curves were calculated, and the sensitivity and speci-
ficity of the existing and newly revised ADOS algo-
rithms compared within each cell. Since adjustment for
the minority of subjects with multiple observations left
the factor analysis results reported here largely
unchanged, no adjustment has been made. Reported
logistic regression coefficients for predicting diagnosis
were adjusted using cluster robust standard errors,
confidence intervals, and test statistics (Binder, 1983).

Results
Comparison of Domain Means

The ADOS domain total means and standard devia-
tions were calculated for this sample in order to com-
pare them to those of the original ADOS norming
sample (Lord et al., 1999). For this comparison only,
data from the original norming sample were removed
from the current sample. As expected with a sample of
the current size, mean differences in chronological age,
verbal mental age, and non-verbal mental age between
the module and diagnostic groups of the norming and
current samples were statistically significant; however,
they were clinically marginal. For example, the mean
chronological age of Module 3 Autism groups was
8.45 years in the new sample (N = 123; SD = 2.51) and
9.14 years in the original norming sample (N = 21;
SD = 2.36).

The ADOS domain means of the autism and ASD
samples were similar, with a trend toward slightly
lower means in Communication and Social domains for
the Autism groups and slightly higher means in the
Restricted-Repetitive domain for the non-autism ASD
groups in the current larger sample. As examples, the
mean combined social-communication totals in the
Module 2 Autism groups were 18.38 in the norming
sample (N =21) and 18.11 in the current sample
(N =171), while the means for the Module 2 non-
autism ASD groups were 11.83 (N = 18) in the nor-
ming sample and 11.94 (N = 83) in the current sample.
On the whole, the similarities in domain distributions
with greater numbers and a more diverse population

suggest it would be appropriate to apply a new
algorithm calibrated on this new sample to existing
research databases.

Domain Total Distributions

In the original algorithm communication domain total,
Module 1 scores of 8 were frequent (22.2% of Module
1 ASD sample), while scores of 9 or 10 were very rarely
achieved (a total of 2.1% of Module 1 ASD cases
received either score), implying an item set that pro-
vided little discrimination at the severe end of the
spectrum. This effective range restriction was associ-
ated with the fact that 62% of the Module 1 ASD
participants were non-verbal (i.e., participants used
fewer than five words during the ADOS administra-
tion, as reflected in scores of 3 or 8 on Item 1: overall
level of language [or a score of ‘4’ on the equivalent
PL-ADOS item]). For these children, only four items
were scorable in the algorithm communication total.
Scores of 9 and 10 were largely ineligible because the
algorithm items ‘‘Stereotyped /Idiosyncratic Use of
Language” and ‘“Frequency of Vocalization” were
unscorable for non-verbal participants, and thus did
not contribute to the domain totals. Across all mod-
ules, distributions were broadened considerably when
“3” codes were not recoded to “2” prior to algorithm
calculation, but because standard use of the ADOS
does not require reliable distinctions between these
codes, our primary data analyses focused on continued
use of this recoding. Because of the range restriction,
we proposed the creation of distinct algorithms for
verbal and non-verbal recipients of Module 1.

Correlations with Participant Characteristics

In Module 2, significant correlations between ASD
participants’ social-communication totals and their
chronological age (r = 0.24, p < 0.001) and verbal 1Q
(r =-0.34, p < 0.001) occurred. Perusal of scatterplots
provided evidence of curvilinear relationships between
chronological age and ADOS social-communication
totals, such that these variables were negatively related
in children under age 5 (as age increased, ADOS
scores decreased) and positively related in children
over 5 (as age increased, ADOS scores increased). The
children over 5 with phrase-speech-only seemed to
represent a different group than children under 5 in
Module 2, who may well acquire fluent speech as they
get older. When Module 2 was split into ‘“Younger
than 5 and “Greater or Equal to 5,” the former group
had no significant correlation between the social-com-
munication total and age and verbal IQ (age: r = -0.06,
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p = 0.52; VIQ: r = -0.16, p = 0.08); in the latter group,
scores were still significantly correlated with these
variables (age: r=0.16, p =0.04; VIQ: r=-0.34,
p < 0.001), but less so in the case of age than before
the division.

Division of the Modules

Dividing the sample by age in Module 3 did not
produce more homogeneous samples. Dividing Mod-
ule 3 recipients by language level was deemed not
appropriate because past data had shown that “Item 1:
Overall Level of Language” in Module 3 was particu-
larly difficult to score reliably. Division based on
specific item scores, such as ‘“Reporting of Events,”
met with little success. Thus, at this point, the cells for
which revised algorithms have been formulated are
Module 1, No Words; Module 1, Some Words; Module
2 Younger than 5; Module 2, 5 or Older; and Module 3

(Fig. 1).
Factor Analysis

Exploratory factor analysis was performed by cell
(Fig. 1) with the ‘preferred’ items included from all
domains. Item scores of 2 and 3 were collapsed and
scores of 8 were labeled as missing data and excluded.
Because ADOS data are ordinal and do not represent
equal intervals, the analyses were run as ordinal probit
item response models with Mplus Version 3.0 software.
A Root Mean Square Error Approximation (RMSEA)
of 0.08 or less is commonly taken as a satisfactory fit
(Brown & Cudeck, 1993). The results shown in Table 2
indicate that 2-factor solutions generally fitted well,
with items loading onto clear Social Affect (SA) and
RRB factors that were positively correlated. Confir-
matory factor analysis, that assigned each item to one
of two factors, showed the 2-factor model to fit sub-
stantially better than the 1-factor model, with good-
ness-of-fit ratings ranging between Comparative Fit
Index (CFI) of 0.94 (CFI between 0.9 and 1 indicating
good fit; Skrondal and Rabe-Hesketh, 2004) and
RMSEA of 0.08 in the Module 3 cell, to CFI of 0.97
and RMSEA of 0.09 in the Module 1, Some words cell.

Mod 1 Mod 2 Mod 3
No Some
Age | Words | Words Phrases Fluent
<5
5-12

Fig. 1 Revised algorithm developmental cells
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Thus, the final mapping of the new algorithm model
includes a Social Affect domain and a Restricted-
Repetitive domain (Table 2).

Although “‘Stereotyped/Idiosyncratic Use of Words
or Phrases” was a communication domain item in the
previous algorithms, it loaded onto the RRB factor and
was thus included in that domain on the new algo-
rithms.

The eigenvalues of a third factor, called “Joint
Attention,” ranged across cells from 0.93 to 1.12 in
exploratory factor analysis; this factor was comprised
of pointing, gesturing, showing, initiating joint atten-
tion, and unusual eye contact in the Module 1, Some
Words and both Module 2 groups, and response to
joint attention, gesturing, showing, initiating joint
attention, and unusual eye contact in the Module 1, No
Words group. Statistics from confirmatory factor
analysis were satisfactory (CFI ranged from 0.92 to
0.96; RMSEA from 0.06 to 0.09) in the four relevant
developmental cells. The two-factor model, however,
was more consistent across the five cells and more
parsimonious. Although it was not included in the
algorithm and overlaps with the SA factor, the Joint
Attention factor was consistent across Modules 1 and 2
and therefore may be of interest to some researchers
and clinicians.

Logistic Regression Check on Weighting Domains

Logistic regressions for autism versus not-autism (non-
autism ASD and non-spectrum cases together), and
ASD versus non-spectrum indicated that both the SA
and RRB factors made significant independent con-
tributions to the prediction of diagnosis. Since factor
scores were not uniformly better at prediction of
diagnosis than simple totals, we describe results for the
simple item totals that would be ordinarily used in
clinical practice. We report raw and standardized log-
odds coefficients, the latter being easier to compare
when the predictor variables have widely differing
variability.

Item totals within SA and RRB factors were both
predictive of diagnosis. For children with autism versus
all other groups, the raw partial log-odds coefficients
were 0.29 (C.I. 0.26, 0.32; z =16.53; standardized
coefficient = 1.74) for SA and 0.36 (C.I. 0.29, 0.44;
z = 9.30; standardized coefficient = 0.84). For Autism
and PDD versus no PDD, the raw partial log-odds
coefficients were 0.25 (C.I. 0.20, 0.29; z = 10.52; stan-
dardized coefficient = 1.47) for SA and 0.51 (C.I. 0.38,
0.64; z = 7.92; standardized coefficient = 1.20).

While both factors were predictive for both com-
parisons, the standardized coefficients and z-scores are
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lower for RRB than SA. In addition, it is interesting to
note that, for the SA factor, the log-odds coefficients
are similar for the different factors, but for the RRB
factor, the coefficient for the autism and PDD versus
no-PDD comparison appears to be larger than that for
the autism versus all other groups comparison.

Item Correlations with Domain Totals,
Chronological Age, Mental Age, and 1Q

Item-"rest’ correlations (domain scores minus the par-
ticular item) were significant for each algorithm item in
each developmental cell; they ranged from 0.45 to 0.78
in the SA domain and 0.27-0.53 in the RRB domain.
The two domains were significantly correlated with
each other (0.34-0.57 by cell). Internal consistency was
assessed using Cronbach’s alpha (Cronbach, 1951).
Cronbach’s alphas were consistently highest for the SA
domain (0.87-0.92 by developmental cell) and ranged
from 0.51 to 0.66 in the Restricted, Repetitive domain.

Item correlations with age and verbal mental age
were also reviewed. “Intonation” in Module 1, No
Words was the only item correlated above 0.30 with
chronological age (r = 0.45, p < 0.001). Seven items
across cells showed correlations with verbal mental age
greater than 0.30; five of these items applied only to the
Module 1, Some Words cell (ranging from ‘‘Unusual
Eye Contact,” r=-0.32, p < 0.001 to “Showing,”
r=-0.39, p < 0.001). Clearly, the delineation of chil-
dren with “Some Words” in Module 1 still yields a
heterogeneous group, in which social skills are related
to children’s language abilities, ranging from a few
single words to the use of occasional phrases.

Sensitivity and Specificity

Receiver Operating Characteristic (ROC) curves
(Siegel, Vukicevic, Elliott, & Kraemer, 1989) were
run to obtain the sensitivity and specificity of both the
old and the new algorithms by cell. For the new
algorithms, ROC curves were run twice, for items
from the SA factor alone and then for the sum of
items from the SA and RRB factors. As in the past,
scores of 3 were recoded to 2 for this procedure.
Cases with acceptable missing data (for example, an
‘8> on the ‘stereotyped speech’ item in Module 1,
Some Words) were included (contributing a zero
score), but 56 cases were excluded because of other
missing data from items comprising either the old or
new algorithm, for a resulting N of 1,574. The new
algorithm includes the item “‘Integration of Gaze and
Other Behaviors during Social Overtures” in
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Module 1; because the children who received the PL-
ADOS did not have this item available and yet rep-
resented a clinically important group, scores on the
item ‘““Unusual Eye Contact” were substituted for the
missing item data in PL-ADOS recipients. The
inclusion of the PL-ADOS cases greatly reduced
specificity in the Module 1, No Words cell, the most
obvious reason being the inclusion of children with
very low non-verbal mental age in the Early Diag-
nosis sample (Lord et al., 2006), all of whom initially
were assessed using the PL-ADOS. Because evaluat-
ing children with low non-verbal mental age is a
reality in clinical practice, sensitivity and specificity
were generated for all of Module 1, No Words cases,
but were reported separately for those with non-ver-
bal mental ages of 15 months or lower and those with
non-verbal mental ages above 15 months for com-
parison (Table 3). Another point to note in Table 3 is
that “ASD” is often reported in literature as includ-
ing the Autism and non-autism ASD cases, whereas
we have provided separate comparisons in this table
of Autism versus Non-spectrum cases, and non-autism
ASD cases (PDD-NOS and Asperger Disorder) ver-
sus Non-spectrum cases. This was done to give a true
indication of how well the measure performs within
the most conservative diagnostic groupings.

For Autism versus Non-spectrum, and for ASD
versus NS (Table 3), the new and old algorithms per-
form approximately equally well in terms of sensitivity,
with the new algorithm showing slightly reduced sen-
sitivity in some cells and notable gains in others
(Module 1, Some words; AUT versus NS and ASD
versus NS). For non-autism ASD versus Non-spec-
trum, sensitivity of the new algorithm is somewhat
lower in Module 1, No Words (as was necessary to
raise specificity), but shows improvement from the old
algorithm in the higher-functioning Modules 1 (AUT
versus NS) and 2 (ASD versus NS) cells.

The new algorithm shows substantial gains in spec-
ificity in each of the diagnostic categories. Module 1,
No Words (both non-verbal mental age groups) im-
prove in each diagnostic comparison; the specificity of
both Module 2 groups improves for non-autism ASD
versus NS.

Overall, the first factor by itself tends to perform
somewhat less well, so a summation of both domain
totals are recommended to complete a total algorithm
score. Analyses also were rerun including scores of 3 to
see if using a broader distribution resulted in greater
predictive value; there was little impact on sensitivity
and specificity in comparison with the new totals with
recoded 3’s. Further information about cut-offs using
“3’s” is available from the authors.
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Table 3 Sensitivities and specificities of current and revised algorithms
N = 1157 Meets  Comm- New SA + RRB New SA only

Soc for Aut

Sens Spec Sens Spec Sens Spec
AUT versus NS
Mod 1, no words, nvma < 15 AUT = 69 NS = 16 100 19 97 50 (16) 96 50 (14)
Mod 1, no words, nvma > 15
AUT =306 NS =33 97 91 95 94 (16) 89 94 (14)
Mod 1, some words, AUT =201 NS =76 88 96 97 91 (12) 91 93 (11)
Mod 2 younger, AUT = 58 NS = 30 97 93 98 93 (10) 95 97 (9)
Mod 2 older, AUT = 126 NS = 30 96 97 98 90 (9) 92 97 (9)
Mod 3 AUT =129 NS = 83 86 89 91 84 (9) 85 87 (8)
N =685 Meets Comm- New SA + RRB New SA only

Soc for ASD

Sens Spec Sens Spec Sens Spec
Non-Autism ASD versus NS
Mod 1, no words, nvma < 15 PDD-NOS =20 NS = 16 95 6 95 19 (11) 90 12 (9)
Mod 1, no words, nvma > 15 PDD-NOS = 51 NS = 33 88 67 82 79 (11) 80 76 (9)
Mod 1, some words, PDD-NOS = 75 NS = 76 67 84 77 82 (8) 75 79 (6)
Mod 2 younger, PDD-NOS = 49 NS = 30 76 70 84 77 (7) 80 63 (5)
Mod 2 older, PDD-NOS = 36 NS = 30 86 77 83 83 (8) 72 77 (6)
Mod 3 PDD-NOS = 186 NS = 83 68 77 72 76 (7) 61 78 (6)

Numbers in parentheses indicate best cut-off identified in ROC curves

Comm-Soc Communication+Social Cut-offs from 2000 norms, SA New (2006) Social Affect Domain, RRB New (2006) Restricted
Repetitive Behaviors, nvma nonverbal mental age in months. Non-Autism ASD includes PDD-NOS and 3 cases of Asperger’s

Disorder

Discussion

With a much larger, more diverse sample (in terms of
participants and examiners), both domain means and
sensitivity and specificity remained similar to the ori-
ginal norming data, indicating that the ADOS contin-
ues to be a valid and reliable measure. Used with the
original norming sample, any new algorithm was
unlikely to improve on the old, since the latter had
been chosen to best classify that particular sample. The
new sample, being so much larger, offers less scope for
overfitting, and thus achieving artifactual high levels of
classification success. Nonetheless, as intended, the
algorithm changes described here increase specificity in
classifying non-autism ASD in lower functioning pop-
ulations, evidenced by the 12-31% increase in speci-
ficity for children without any words (depending on
non-verbal mental age) and the modest gain in speci-
ficity for older children who have not progressed
beyond phrase speech.

A more homogeneous algorithm has been achieved,
with similar items used across developmental cells to
allow for easier comparison of ADOS scores within
and between individuals. This is a step closer to the use
of the ADOS as a measure of severity. The inclusion of
repetitive behavior items in an algorithm model that is
relatively uniform across developmental cells will be

useful in the derivation and application of the future
severity metric.

With the use of the proposed model, all items
appearing on the algorithm will contribute to a single
score with two classification thresholds, one for Autism
and one for ASD. The existing social and communi-
cation domains were merged, as proposed in previous
research (Lord et al., 1999, 2000; Robertson et al.,
1999), and only very strong, salient factors were
retained. Because longitudinal data suggest that tra-
jectories between social communication and RRB
profiles are different (Lord et al., 2006), the two-factor
solution chosen from these analyses adds to the clinical
utility of this diagnostic instrument. Inclusion of the
RRB domain did not improve predictive value of the
ADOS in differentiating individuals with autism from
those with PDD-NOS, though surprisingly it aided in
distinguishing PDD-NOS from non-spectrum cases.

Clearly some of the many goals for this algorithm
revision were more difficult to achieve: the specificity of
classification in children with non-verbal ages 15 months
and younger remained weak. For these children, ADOS
cut-offs do not reliably differentiate Autism or ASD
from other disorders. It may be that expectations of
interaction in the ADOS are too high for passive, low-
functioning children (Hepburn, Lord, John, & Rogers,
Submitted). A version of the ADOS employing novel
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tasks for infants and toddlers is now being piloted at the
UMACRC to address the diagnostic needs of very young
and/or more severely delayed toddlers.

Although predictive value of the ADOS for children
with autism was strong across all groups, sensitivity for
non-autism ASD across modules was lower than de-
sired even in children with non-verbal ages above
15 months. Correlations between the revised totals and
age, IQ, mental age, ADI-R, and former ADOS totals
are reported here (see Tables 4, 5, 6). Division of the
sample into cells accomplished the goal of creating
algorithms independent of age effects (except for
Module 1), and minimizing the effect of verbal 1Q
across modules. Greater association between ADOS
and cognitive scores remained in the Module 1 cells
relative to other developmental cells; this was expected
due to the role of social communication in the mea-
surement of cognitive skill in very young or low-func-
tioning children. In fact, some of the earliest MSEL
items in the language domain, as well as in other
developmental tests (Bayley, 1993), overlap with so-
cial-communication items on the ADOS (e.g., MSEL
item ‘Responds to voice and face by vocalizing’).
Severity of expressive language impairment (though
not so much current language functioning) continues to
influence our interpretation of autistic symptomatol-
ogy, and even with Module 1 divided further on lan-
guage level, the relationship between ADOS domain
scores and verbal IQ remained.

The new algorithm did not greatly improve the
distinction between autism and other ASDs in the
ADOS. It continues to be the case that social-
communication deficits within ASD (Constantino
et al., 2004; Gilmour, Hill, Place, & Skuse, 2004) and
shared by ASD and other developmental or psychiatric
disorders (Bishop & Norbury, 2002) appear to repre-
sent a continuous dimension. Our next step is to gen-
erate such scores based on calibrations across modules.
Because we found virtually the same total distribution
and predictive value when including scores of 3 in the
new algorithm, the calibration effort likely will recode
these to 2’s as is common practice. For those who want
to increase variability in their ADOS data and who
have become reliable on coding 3’s as well as 2’s
(Rogers, Hepburn & Wehner, 2004), 3’s remain an
option to increase variation, particularly in treatment
studies that look for changes in individuals.

Limitations
Because different thresholds were necessary to attain the

best sensitivity and specificity within each developmental
cell, calibration is necessary to achieve the final goal of
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providing a simple way to compare cases across modules.
Although the goal of creating algorithms more similar
across modules was met, it is ultimately limited by the
fact that children receiving a Module 2, for example, still
complete different tasks than do those in Module 3.
Shifts in modules clearly add complexity in interpreting
data, but there is little alternative to the fact that ade-
quate social behavior differs with chronological age,
language level, and examiner expectations, and thus
must be measured by different modules of tasks. To
maintain the validity of this measure, it is important that
the appropriate module is selected (see also Klein-Tas-
man, Risi, & Lord, in press).

The sensitivity and specificity of the instrument may
vary in different clinics and research centers due to the
skill of the examiner, sequence of administration, and
other factors; therefore, we might not see the same
predictive value of the instrument in other clinical or
research databases (see also Risi et al., 2006). A further
limitation of this study is the relatively small numbers
of non-spectrum participants by module.

The research protocol described here was unable to
divide recipients of Module 3 into more homogeneous
groups based on chronological age or language level.
Comparison of item distributions between younger
and older recipients of Module 3 revealed few age
differences in children age 5 and over; children under
5 who received Module 3 exhibited some mean dif-
ferences on an item level, but this group represents
such a small minority of Module 3 recipients that we
felt it unnecessary to divide the sample on that basis
alone. The sensitivity and specificity of both old and
new ADOS classifications are generally lower in
Module 3 than in other developmental cells. Ideally,
study of higher-functioning children and verbal ado-
lescents will lead to better understanding of autism
and ASDs in these populations and perhaps inform
decisions on new tasks and/or scored items for future
revision of this diagnostic schedule. Modifications of
the ADOS for older children and adults with single
words or phrase speech are also needed in order to
present more age-appropriate tasks and materials to
lower-functioning individuals while preserving stan-
dardization. The extent to which one can measure
more subtle social-cognitive differences in one-to-one
interaction with an adult in an office visit is unknown.
Information from measures such as the VABS, ADI-
R, Social Responsiveness Scale (SRS; Constantino
et al., 2003), and Pervasive Developmental Disorder
Behavior Inventory (PDDBI; Cohen, Schmidt-Lack-
ner, Romanczyk, & Sudhalter, 2003), that allow con-
sideration of the information from a broader range of
contexts, may be critical.
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Table 4 Correlations
between revised algorithm ViQ NVIQ VMA NVMA AGE
totals and participant Mod 1 no words ~ SA total r ~0.49 ~0.24 043 ~0.01 0.18
characteristics nvma < 15 p 0.00 002 000 0.93 0.06
N 104 99 105 105 105
RRB total  r ~0.40 ~0.28 ~0.06 0.02 0.28
» 0.00 0.01 0.55 0.87 0.00
N 104 99 105 105 105
SA + RRB  r 0551  -0305 0337 0.002 0.270
» 0.000 0.002 0.000 0.981 0.005
N 104 99 105 105 105
Mod 1 no words SA total r -0.50 -0.23 -0.38 —0.02 0.14
nmva > 15 » 0.00 0.00 0.00 0.71 0.00
N 390 377 390 390 390
RRB total ~0.44 ~0.46 ~0.17 ~0.00 0.43
» 0.00 0.00 0.00 0.94 0.00
N 390 377 390 390 390
SA +RRB  r ~0.56 ~036 ~0.36 ~0.01 0.25
» 0.00 0.00 0.00 0.00 0.00
N 390 377 390 390 390
Mod 1 words SA total r ~0.55 ~025 ~0.39 ~0.04 24
» 0.00 0.00 0.00 0.47 0.00
N 3532 346 352 350 352
RRB total  r 042 034 024 ~0.06 027
p 0.00 0.00 0.00 0.25 0.00
N 332 346 352 350 352
SA +RRB  r ~0.57 ~031 -0.39 ~0.05 0.28
» 0.00 0.00 0.00 0.35 0.00
N 3532 346 352 350 352
Mod 2 younger SA total r -0.24 —-0.05 -0.23 0.00 0.06
p 0.00 0.57 0.01 0.99 0.51
N 137 130 137 136 137
RRB total ~0.18 ~0.05 ~0.19 ~0.04 ~0.01
» 0.04 0.57 0.03 0.62 0.90
N 137 130 137 136 137
SA + RRB  r 025 ~0.06 024 —0.02 0.04
» 0.00 0.52 0.00 0.87 0.63
N 137 130 137 136 137
Mod 2 older SA total r ~025 0.24 022 021 0.06
» 0.00 0.00 0.00 0.00 0.39
N 192 187 192 191 192
RRB total ~0.29 ~0.05 ~0.18 0.07 0.11
» 0.00 0.54 0.02 038 0.13
N 192 187 192 191 192
SA + RRB  r ~029 0.17 023 0.19 0.08
» 0.00 0.02 0.00 0.01 0.25
N 192 187 192 191 192
VIQ verbal 1Q, NVIQ Mod 3 SA total r ~033 —0.18 ~027 ~0.15 ~0.02
nonverbal IQ, VMA verbal » 0.00 0.00 0.00 0.00 0.71
mental age, NVMA N 398 385 398 392 398
nonverbal mental age, AGE RRB total  r ~0.07 —0.12 ~0.04 ~0.09 ~0.03
chronological age, SA total » 0.18 0.02 0.38 0.09 0.51
Social. Affect tota.l,.RRB total N 398 385 398 392 398
Restricted, Repetitive SA +RRB  r ~0.30 ~0.19 ~024 ~0.15 ~0.03
Behaviors total, SA + RRB » 0.00 0.00 0.00 0.00 0.60
Combined new algorithm N 398 385 398 392 398

total

A comparison of ADOS classification to clinical
diagnosis, which was done to generate the sensitivity
and specificity numbers reported here, is confounded
by the fact that the two classifications are not inde-
pendent, as the ADOS was one of the tools used to
make the clinical best estimate diagnosis. When

constructing an entirely new algorithm for a new
instrument, an entirely independent validation crite-
rion is desirable as proof of validity. However, when
revising an algorithm, the concern is to identify
improved performance over an existing algorithm,
each being measured against the best available
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Table 5 Correlations

. . ADI-R Soc CommV CommNV RR Onset
between revised algorithm
totals and ADI-R domain Mod 1 no words nvma <15 SA total ~ r 0.40 0.11 026 005
totals P 0.00 0.26 001 0.648
N 100 0 100 100 100
RRB total r 0.42 0.03 031 017
p 0.00 0.75 0.00  0.09
N 100 0 100 100 100
SA +RRB r 0.50 0.10 034 012
p 0.00 0.33 0.00 023
N 100 0 100 100 100
Mod 1 no words nmva > 15 SA total r 049 -0.02 0.40 024 017
p 0.00 0.97 0.00 0.00  0.00
N 356 6 358 356 356
RRB total r 043 020 0.27 044 038
p 0.00 0.71 0.00 0.00  0.00
N 356 6 356 356 356
SA +RRB r 055 0.08 0.42 036 029
p 0.00  0.89 0.00 0.00  0.00
N 356 6 356 356 356
Mod 1 words SA total r 0.60  0.65 0.60 042 017
p 0.00  0.00 0.00 0.00  0.00
N 307 140 307 307 307
RRB total r 048  0.65 0.48 0.50 020
p 0.00  0.00 0.00 0.00  0.00
N 307 140 307 307 307
SA +RRB r 0.63  0.71 0.62 049  0.19
p 0.00  0.00 0.00 0.00  0.00
N 307 140 307 307 307
Mod 2 younger SA total r 0.61 0.64 0.61 025 007
p 0.00  0.00 0.00 0.01 045
N 113 102 113 113 113
RRB total r 033 042 0.29 044 -0.01
p 0.00  0.00 0.00 0.00 091
N 113 102 113 113 113
SA +RRB r 0.60  0.64 0.58 034  0.05
p 0.00  0.00 0.00 0.00 0.8
N 113 102 113 113 113
Mod 2 older SA total r 051  0.50 0.45 030 022
p 0.00  0.00 0.00 0.00 0.01
N 137 132 137 137 137
Soc ADI-R Reciprocal Social RRB total r 039 036 0.29 046 021
Interaction Total, CommV )4 0.00  0.00 0.00 0.00  0.01
ADI-R Communication N 137 132 137 137 137
(Verbal) Total, CommNV SA +RRB r 053 052 0.45 039 025
ADI-R Communication p 0.00  0.00 0.00 0.00  0.00
(Nonverbal) Total, RR ADI- N 137 132 137 137 137
R Restricted, Repetitive Mod 3 SA total r 0.41 0.41 0.38 029 019
Behaviors Total, Onset ADI- p 0.00 0.00 0.00 0.00 0.00
R Abnormality of N 299 299 299 299 299
Development Before RRB total r 019 031 0.24 039  0.08
36 months Total, SA total P 0.00  0.00 0.00 0.00  0.19
Social Affect total, RRB total N 299 299 299 299 299
Restricted, Repetitive SA +RRB r 040 045 0.39 037 018
Behaviors total, SA + RRB p 0.00  0.00 .00 0.00  0.00
Combined new algorithm N 299 299 299 299 299

total

criterion. Lord et al. (2006) have shown in a longitu-
dinal study that clinical judgment, the ADI-R, and the
ADOS all made independent contributions in pre-
dicting long-term best-estimate diagnoses. No single
source can be considered as either a gold standard or
the best possible criterion. This would suggest that to
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calibrate the algorithm against a criterion diagnosis
that excluded information from the ADOS would be to
calibrate it against a potentially inferior criterion. The
fact that the best-estimate diagnosis was not indepen-
dent of the ADOS might potentially upwardly bias the
absolute performance of an ADOS algorithm;
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Table 6 Cor.relatlons . ADOS Soc Comm Soc-co Play RR
between revised algorithm
totals and previous ADOS Mod 1 no words nvma < 15 SA total 095 052 094 018 037
algorithm totals p 000 000 000 007  0.00
N 105 105 105 105 105
RRB total 032 026 035 022 089
» 000 001 000 003 000
N 105 105 105 105 105
SA + RRB r 083 050 084 024 070
p 000 000 000 002 000
N 105 105 105 105 105
Mod 1 no words Nmva > 15 SA total r 0.97 0.80 0.97 0.55 0.44
» 000 000 000 000 000
N 90 390 390 390 390
RRB total 041 038 043 047 090
p 000 000 000 000 000
N 390 390 390 390 390
SA + RRB r 091 076 092 061 069
p 000 000 000 000 000
N 390 390 390 390 390
Mod 1 words SA total 096 087 098 059 052
p 000 000 000 000 000
N 352 352 352 352 352
RRB total 052 061 059 050 092
» 000 000 000 000 000
N 352 352 352 352 352
SA + RRB r 093 088 09 063 070
p 000 000 000 000 000
N 352 352 352 352 352
Mod 2 younger SA total r 0.96 0.85 0.97 0.52 0.45
» 000 000 000 000 000
N 137 137 137 137 137
RRB total 053 061 059 043 095
p 000 000 000 000 000
N 137 137 137 137 137
SA + RRB r 094 087 096 056 067
p 000 000 000 000 000
N 137 137 137 137 137
Mod 2 older SA total 096 089 098 046 047
p 000 000 000 000 000
N 192 192 192 192 192
RRB total 059 061 063 041 095
, p 000 000 000 000 000
(2000), Comm ADOS New total 7 094 090 097 049 067
g;’gng)u‘ggg‘énszgfil (2000), p 000 000 000 000 000
\DO , N 192 192 192 192 192
Communication Combined Mod 3 SA total 095 084 098 047 027
Total (2000), Play ADOS » 000 000 000 000 000
Restricted, Repetitive RRB total  r 039 044 043 012 091
Behaviors Total (2000), SA » 000 000 000 002 000
t()tal SOClal Affect tOtal, RRB N 398 398 398 398 398
total Restricted, Repetitive New total  r 093 085 096 043 052
Behaviors total, SA + RRB » 000 000 000 000  0.00
COmblned new algorlthm N 398 398 398 398 398
total
however, its influence on the relative performance  Conclusions

would be slight. By contrast the much larger sample
size of this study makes it less prone to the upward bias
in absolute performance of previous studies that can

arise from over-fitting.

The satisfactory performance of the revised algorithm
found here must be replicated in other research sam-
ples before it replaces the existing ADOS algorithm. It
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can be calculated currently by adding scores from the
items listed under the relevant developmental cell in
Table 2, and applying the parenthetical thresholds for
Autism or ASD from Table 3. Pending replication and
the future calibration project, we expect a new pub-
lished version of the algorithm to be provided by
Western Psychological Services.

The ADOS has begun to be used in relation to
neurobiological measures (Critchley et al., 2000;
Schultz et al., 2000; Klin, Jones, Schultz, Volkmar &
Cohen, 2002) and continues to contribute to improved
diagnosis in conjunction with the ADI-R (Risi et al.,
2006). Nevertheless, researchers and clinicians must
bear in mind that this measure is not a replacement for
a historical account by a caregiver or for the diagnosis
of a well trained, experienced clinician. Replication
across sites and across other well defined populations
with and without ASD and further explorations into
how we can best organize time-limited, clinician-
structured observations of social-communication
behavior to better understand and treat ASD are all
much needed.
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