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Combining information from multiple
sources for the diagnosis of autism spectrum
disorders for toddlers and young preschoolers
from 12 to 47 months of age

So Hyun Kim and Catherine Lord
University of Michigan Autism and Communication Disorders Center (UMACC), Ann Arbor, MI, USA

Background: Purpose of this study was to systematically examine combined use of the Autism
Diagnostic Interview-Revised (ADI-R) and Autism Diagnostic Observation Schedule (ADOS) for children
under age 4 using newly developed and revised diagnostic algorithms. Methods: Single and combined
use of the ADI-R and ADOS algorithms were compared to clinical best estimate diagnoses for 435
children with autism spectrum disorders (ASD), 113 children with nonspectrum disorders, and 47
children with typical development from 12 to 47 months of age. Sequential strategies to reach a
diagnostic decision by prioritizing administrations of instruments were also evaluated. Results: Well-
balanced sensitivities and specificities above 80% were obtained for ASD diagnoses using
both instruments. Specificities significantly improved when both instruments were used compared
to one. Scores that can be used to systematically prioritize administrations of instruments were
identified. Conclusions: The ADI-R and ADOS make independent, additive contributions to more
accurate diagnostic decisions for clinicians evaluating toddlers and young preschoolers with
ASD. Sequential assessment strategies using the scores identified may be appropriate for some
children. Keywords: Autism spectrum disorders, autism diagnostic interview-revised, autism diag-

nostic observation schedule, early diagnosis.

Introduction

In the past few years, research has flourished con-
cerning detection of autism spectrum disorders
(ASD) symptoms in the first 3 years of life due to the
belief that earlier provision of services and treat-
ments is associated with better outcomes. With
increasing needs for early detention of ASD, new
diagnostic algorithms for toddlers and young pre-
schoolers from 12 to 47 months of age have recently
been developed for the Autism Diagnostic Interview-
Revised (ADI-R; Rutter, Le Couteur, & Lord, 2003b),
a standardized, semi-structured, investigator-based
interview for caregivers (Kim & Lord, 2011). In
addition, algorithms for the Autism Diagnostic
Observation Schedule (ADOS; Lord, Rutter, DiLavore,
& Risi, 1999) have been revised to improve the
diagnostic validity of the instrument, a standardized,
semi-structured, clinician-administered observation
of communication, social interaction, and play
(Gotham, Risi, Pickles, & Lord, 2007), including two
revised algorithms for children who use five or more
single words or even less language and for children
under age 5 using phrase speech. New algorithms
have also been developed for the ADOS-Toddler
module for children under 30 months of age (Luyster
et al., 2009). Past studies showed enhanced diag-
nostic validity when information from both the ADI-R
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and ADOS are used together. There has not yet been
a systematic attempt to examine the combined use of
these instruments using the newly developed and
revised algorithms. Thus, the present study focuses
on the validity of the combined use of the ADI-R and
ADOS using the new and revised algorithms with
children under age 4.

With a best estimate clinical (BEC) diagnosis
treated as the gold standard, previous work pri-
marily with older children and adolescents found
that using data from multiple sources (i.e. clinicians,
caregivers, and teachers) enhances accuracy for the
diagnosis of ASD. For example, the Social Respon-
siveness Scale resulted in high diagnostic specificity
for children and adolescents with ASD when infor-
mation from both parent and teacher reports were
combined (Constantino et al., 2007). Bishop and
Baird (2001) reported improved validity of the Chil-
dren’s Communication Checklist when information
from both parents and professionals were used for
151 children with pervasive developmental disorders
(PDD) or other developmental disorders between 5
and 17 years of age. Corsello et al. (2007) reported
enhanced diagnostic validity by combining informa-
tion across instruments, either the Social Commu-
nication Questionnaire (SCQ; Rutter, Bailey, & Lord,
2003a) or the ADI-R with the ADOS for the diagnosis
of children with ASD between age 2 and 16 years.

Risi et al. (2006) found a better balance of sensi-
tivity and specificity when the ADI-R and ADOS were
used in combination compared to when each
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instrument was used alone. For example, the
combined use of these instruments resulted in sen-
sitivity and specificity of 82% and 86% for children
with autism compared to children with nonspectrum
disorders over age 3 years. For younger children,
sensitivity and specificity for the same diagnostic
comparison using both instruments were 81% and
87%, respectively. In contrast, when each instru-
ment was used alone, specificities ranged from 59%
to 72%, with sensitivities remaining above 80%.
Most of the results were obtained primarily from
older children, even though a study by Le Couteur,
Haden, Hammal, and McConachie (2008) also found
that combining information from both instruments
using preexisting algorithms provided improved
diagnostic accuracy for preschoolers with ASD
compared to either instrument in isolation. However,
using newly developed and revised algorithms, the
present study is the first study examining the
validity of the combined use of the ADI-R and ADOS
for toddlers as young as 12 months of age.

In very young children, diagnostic differentiation
between nonautism ASD (e.g. PDD-NOS) and autism
is less stable than for older children and adolescents
(Lord et al., 1999; Szatmari et al., 2002; Wiggins,
Robins, Adamson, Bakeman, & Henrich, 2011).
Consequently, as the newest ADI-R and ADOS-T
algorithms for toddlers and young preschoolers have
been developed (Luyster et al., 2009; Kim & Lord,
2011), a shift has occurred from having separate
autism and other ASD cutoffs to using only a single
classification of ASD. In addition, in order to formally
acknowledge the less clear stability of diagnoses in
younger children, these algorithms provide ranges of
concern (little-to-no, mild-to-moderate, or moderate-
to-severe concern), to be used in clinical monitoring
and follow-up. However, groupings are necessary for
several different purposes. Thus, the new ADI-R
algorithms also provide two cutoffs, one for research
(more restrictive; higher specificity with lower sen-
sitivity) and one for clinical purposes (more inclu-
sive; higher sensitivity with lower specificity).

Past studies examining validity of the ADI-R and
ADOS have found that parent reports and clinician
observations do not always agree. Agreement
between these instruments has varied across sam-
ples and analytic techniques. In a sample of 797 ASD
and 163 nonspectrum cases over 36 months of age,
Risi et al. (2006) found that the Pearson r correlation
between ADI-R and ADOS algorithm totals was 0.57.
Correlations differed by domains in the study by Le
Couteur et al. (2008), ranging from 0.51 to 0.71 for a
sample of 77 preschoolers with ASD and 24 with
other developmental disorders. Agreement between
the instruments using Kappa ranged from 0.48 to
0.62. In another study (de Bildt et al., 2004), corre-
lations ranged from 0.52 to 0.54 between the ADI-R
and ADOS algorithm totals for 123 children aged
5-20 years with ASD and intellectual disability and
62 with intellectual disability only. In contrast,
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Ventola et al. (2006) compared the application of full
ADI-R and ADOS diagnostic criteria to each other
and clinical diagnosis in a sample of 36 ASD and 9
nonspectrum cases aged 16-31 months. Significant
levels of agreement were found between the ADOS
and clinical judgment (x=0.59, p<.001) but
agreement between the ADI-R and clinical judgment
(k = 0.15, ns) and between the ADI-R and the ADOS
(x = 0.07, ns) was poor.

Because the combined use of the ADI-R and ADOS
has shown better diagnostic validity than either
individual instrument, it is recommended that cli-
nicians and researchers use information from both
instruments when making diagnoses. However, due
to constraints in time, cost, or expertise, often only
one of the instruments is actually used. Relatively
little is known about ways to maximize validity in
this case. One approach would be to determine
scores on the instruments associated with a very
high (or low) probability of receiving the classification
of ASD on the ‘alternative instrument’ (referred to as
‘positive (or negative) screening estimate’ hereafter).
For instance, if a child’s score reaches a positive
screening estimate on the ADI-R, a clinician could
presumably omit the ADOS assuming that the
probability of the child receiving an ASD classifica-
tion on the ADOS would be very high. The same
strategy could be used with a negative screening
estimate.

Another approach is to conduct similar analyses
using BEC diagnoses based on all available infor-
mation as the gold standard and then to determine if
there are scores on each instrument that result in
100% specificity for ASD. That is, we can examine
what score on each instrument successfully
excludes all cases determined to not have ASD
(henceforth referred to as ‘high specificity case
scores’) and then describe the sensitivities of these
scores. For example, if a child meets or exceeds a
high specificity case score on the ADOS, a clinician
evaluating the child could assume that the chance of
the child receiving a BEC diagnosis of ASD would be
very high and choose to omit the ADI-R.

In sum, the purpose of this study is to examine the
combined use of the ADI-R and ADOS for children
under age 4 using the new and revised algorithms.
Often, a misdiagnosis that results in a child failing to
receive necessary services is the greatest concern.
On the other hand, over-diagnosis has negative
consequences for individual children, public health
strategies and research. Consequently, we present
data supporting alternative methods for using both
research and clinical cutoffs from the new ADI-R
algorithms. Agreement between the two instruments
is also evaluated by examining the overlap between
the ADI-R and ADOS-T ranges of concern and
correlations between algorithm totals. A final goal
was to evaluate sequential assessment strategies
using positive/negative screening estimates and
high specificity case scores that could allow the
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empirically-validated use of a single instrument
when information from a second instrument would
very likely be redundant.

Methods
Participants

All 604 children with complete data from a contempo-
raneous ADOS, ADI-R, nonverbal IQ (NVIQ), and BEC
diagnosis were included from two projects, early diag-
nosis of autism (EDX) and first words and toddlers (FW/
T) and for clinic patients at the University of Michigan
Autism and Communication Disorders Center
(UMACC).

Children in the FW/T projects entered the study
between 12 to 18 months and were administered the
ADI-R and ADOS-T. The remaining children were
administered the ADI-R and either the Pre-Linguistic
ADOS (PL-ADOS; DiLavore, Lord, & Rutter, 1995), or
ADOS Module 1-3 depending on their age and language
level. Out of 604 children, 195 children, who were
nonverbal or had single words only, received the
PL-ADOS, which was recoded to the ADOS Module 1.

All participants, aged 12-47 months, were walking at
the time of assessment. Mean age was 31.8 months
(SD = 9.6), and 435 children had ASD (345 males), 113
children nonspectrum disorders (NS; 81 males), and 47
children typical development (TD; all younger than
21 months; 31 males). NS participants had a range of
diagnoses, including language disorders (53%), intel-
lectual disability of unknown etiology (18%), Down
syndrome (6.4%), externalizing disorders (5.5%), inter-
nalizing disorders (2.7%), and general, mild develop-
mental delays (14.4%). Ethnicity was not associated
with diagnosis; 74% of participants were Caucasian,
15% African American, 3% Asian American, 3% bira-
cial, and 5% Native American or other races. The sam-
ple in the present study was a subset of children (about
30%) from the sample used to develop the new ADI-R
algorithms for toddlers and young preschoolers (Kim &
Lord, 2011). In addition, approximately at least 30%
and 15% of the sample was also used for the develop-

Table 1 Description of sample

ment of revised ADOS algorithms and new ADOS-T
algorithms, respectively (Gotham et al., 2007; Luyster
et al., 2009).

Participants were divided into three developmental
cells by the child’s age and language level following the
structure of the developmental groupings of the new
ADI-R algorithms: (a) all children between 12 and
20 months, 31 days of age and nonverbal children
between 21 and 47 months, 31 days of age (‘12-20/
NV21-47’), (b) children between 21 and 47 months,
31 days of age with single words (‘SW21-47’), and
(c) children between 21 and 47 months, 31 days of age
with phrase speech (“PH21-47").

As shown in Table 1, children with TD and NS were
significantly younger and had significantly higher NVIQ
and Vineland Adaptive Behavior Composite scores
(Sparrow, Balla, & Cicchetti, 1984) than children
with ASD for the ‘12-20/NV21-47’ group (p < .001).
For both ‘SW21-47’ and ‘PH21-47’ groups, Vineland
composite scores were significantly higher for children
with NS than ASD (p < .001). A significant age differ-
ence emerged for the ‘SW21-47’ group (children with
ASD were older than children with NS, p < .05). For
the 12-20/NV21-47 group, 156 children received the
PL-ADOS, 122 children module 1, and 60 children
the ADOS-T. For the SW21-47 group, 105 children
received module 1, 39 children the PL-ADOS, and 7
children the ADOS-T. For the PH21-47 group, 106
children received module 2 and 4 children module 3. All
of these children received appropriate modules based
on their level of language.

Measures

In the new ADI-R algorithms for toddlers and young
preschoolers, item scores in Social Affect (SA) and Re-
stricted and Repetitive Behaviors (RRBs) for the ‘12-20/
NV21-47’ and ‘SW21-47’ groups and Social Communi-
cation (SC), RRBs, and Reciprocal and Peer Interaction
(RP]) for the ‘PH21-47’ group are combined to generate
cutoffs for the classification of ASD. Thirteen to 20
items comprise the new ADI-R algorithms depending on
children’s ages and language levels. For the revised

12-20 NV21-47 SW21-47 PH21-47
Diagnosis ASD NS TD ASD NS ASD NS ASD NS
Gender (male, 30, 6 13,5 31, 16 175, 35 19, 8 86, 37 17,11 56, 13 33,8
female)
Age in months, 17.6 (2.2) 16.8 (2.6) 15.6 (2.6) 32.7 (7) 28.8 (5.8) 36.1 (6.6) 33 (6.1) 41.1(5.1) 39.3(5.4)

mean (standard
deviation)
Mean NVIQ*
(standard
deviation)
Mean VABC
(standard
deviation)

91.3 (15.6) 97.4 (14.4) 112.6 (15.3) 65.8 (19.9) 74.7 (27.6) 69.9 (17.5) 69.2 (18) 91.4 (20.8) 97.8 (16.5)

77.1 (12.9) 83.3 (10.4) 96.5(10.1) 59.7 (8.1) 65.9 (11.3) 65.3 (10.3) 72.6 (11.2) 76.3 (13) 83.9 (10.7)

NVIQ = nonverbal 1Q, VABC = Vineland Adaptive Behavior Composite standard score; 12-20 all children 12-20 months, NV21-
47 = nonverbal children 21-47 months, SW21-47 = children 21-47 months with single words, PH21-47 = children 21-47 months
with phrase speech.

*For some children, NVIQ scores were not available, thus replaced by full scale IQ scores: 37 TD cases in ‘12-20’ group; 1 ASD and 2
NS cases in ‘PH21-47’ group.
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ADOS and new ADOS-T algorithms, the total number of
items in the algorithms is 14, with the composition of
items in each algorithm differing by children’s ages and
language levels.

Procedure

Each caregiver was administered the ADI-R and the
Vineland. The ADOS and cognitive testing were then
completed by the same or by a different clinical psy-
chologist or a trainee within a few days’ time. A stan-
dard hierarchy of cognitive measures, most frequently
the Mullen Scales of Early Learning (n = 438; Mullen,
1995) or the Differential Ability Scales (n = 61; Elliott,
1990) was used to determine IQ scores. Examiners in
the study had completed research training and met
standard requirements for research reliability for the
ADI-R and ADOS. Inter-rater reliability was monitored
through periodic observations and scoring by two
examiners and scoring of videotapes. Caregivers signed
an Institutional Review Board approved informed con-
sent to participate in research before participation.

Consensus BEC Diagnosis

For children in the EDX study, an experienced clinical
researcher used the videotaped ADOS and ADI-R
scores and observations made during the testing to
generate an independent BEC diagnosis of autism,
PDD-NOS, or nonspectrum disorders (American Psy-
chiatric Association., 1994). For children in the FW/T
project, scores on the ADI-R, ADOS, and clinical
observations were used by two clinicians to make a
BEC diagnosis operationalizing DSM-IV criteria
(American Psychiatric Association., 1994; See Luyster
et al., 2009). For clinic cases, a diagnosis was made by
a psychologist and/or psychiatrist after review of all
information.

Analyses

Sensitivities and specificities for single and combined
use of the ADI-R and ADOS algorithms were compared
with BEC diagnoses. Sensitivities and specificities (Sie-
gel, Vukicevic, Elliott, & Kraemer, 1989) were considered
in each of these conditions: (a) Meeting ADI-R criteria, (b)
Meeting ADOS criteria, (c) Meeting either ADI-R or ADOS
criteria when both were administered, and (d) Meeting
criteria on boththe ADI-R and ADOS. For the sensitivities
and specificities, 95% confidence intervals were also
calculated using the Wilson score method (Newcombe,
1998). Characteristics of children correctly or incorrectly
classified were examined. Correlations were used to as-
sess the agreement between the ADI-R and ADOS algo-
rithm totals as well as between domain totals for three
different developmental cells (‘12-20/NV21-47’, ‘SW21-
47’, ‘PH21-47’). Correlation coefficients were compared
using Fisher’s Z transformations (Steiger, 1980). Seventy
children who received both new ADI-R and ADOS-T
algorithms were selected to examine the overlap between
the ranges of concernfrom both instruments. Odds ratios
were calculated to assess the likelihood of receiving a
diagnosis of ASD when a child was classified by the ADI-R
and/or ADOS in these ranges.

J Child Psychol Psychiatry 2012; 53(2): 143-51

Positive/ negative screening estimates were identified
for each instrument by selecting scores associated with
very high/low percentages of cases that received a
classification of ASD on the other instrument. Sensi-
tivities and specificities for these scores were then
evaluated. In addition, high specificity case scores were
selected for each instrument by examining total scores
that resulted in high specificities (100%, 90%, and 80%)
of the BEC diagnoses for the comparison of ASD versus
NS cases. Sensitivities for these scores were also
examined.

Results

Sensitivities and specificities for the comparison of
ASD versus NS

Not surprisingly, as shown in Table 2, the most
satisfactory results were obtained when the most
stringent condition, requiring a child to meet criteria
on both the ADI-R (using clinical cutoffs) and the
ADOS was used. In these cases, sensitivity and
specificity for ASD versus NS were consistently
above 80%. For example, using both instruments
yielded comparable sensitivities and significant
improvements in specificities (4%-22%) beyond
when only ADI-R algorithms were used. Compared
to when ADOS algorithms were used alone, using
both instruments resulted in significant gains in
specificities (10%-31%) and slightly lower sensitivi-
ties, though they were still above 80% when ADI-R
clinical cutoffs were used. As noted in previous
papers (Gotham et al., 2007; Risi et al., 2006), when
children with nonverbal mental ages below
15 months were included, specificities were slightly
lower. Because evaluating children with low non-
verbal mental age is a reality in clinical practice,
these specificities are reported in parentheses (See
Table 2). However, we also present separate results
from data without children whose nonverbal mental
ages fell below 15 months for researchers who wish
to restrict their samples for better diagnostic accu-
racy.

As expected, the least restrictive condition,
requiring a child to meet either the ADI-R or ADOS
criteria, resulted in excellent sensitivities for ASD
cases (97%-99%), but poor specificities (45%-85%).
As in past studies, for all developmental cells, sen-
sitivities improved when children whose BEC diag-
noses were PDD-NOS were excluded. Although
comparisons between the ASD and TD cases are not
very informative clinically, because much research
with younger children contrasts ASD and mixed TD
and NS samples (as in studies with baby siblings), it
is useful to know that not surprisingly, specificities
also improved when TD cases were included. Likeli-
hood ratios for the comparison of ASD versus NS
were most satisfactory when both instruments were
used in combination using the conventional criteria
(Likelihood ratio above 5 is considered satisfactory;
Jaeskchke, Guyatt, & Lijmer, 2002).
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Table 2 Validity of all conditions tested

Sensitivity 95% CI Specificity 95% CI ASD vs. NS

Likelihood ratio

Autism ASD NS positive
12-21/ NV21-47
ADI-R (CLI) and ADOS 92% 87-95 84% 79-88 88% 72-95 (80% 66-89) 6
ADI-R (RES) and ADOS 85% 79-89 76% 70-81 94% 80-98 (89% 77-95) 19
ADI-R (CLI) alone 92% 87-95 85% 80-89 72% 55-84 (69% 54-80) 3
ADI-R (RES) alone 85% 79-89 78% 72-83 88% 72-95 (84% 71-92) 7
ADOS alone 99% 96-100 95% 92-97 75% 58-87 (64% 50-77) 4
ADI-R (CLI) or ADOS 100% 98-100 98% 96-99 53% 36-69 (49% 35-63) 2
ADI-R (RES) or ADOS 100% 98-100 98% 96-99 69% 51-82 (60% 45-73) 3
SwW21-47
ADI-R (CLI) and ADOS 98% 92-99 92% 86-96 92% 76-98 11
ADI-R (RES) and ADOS 79% 69-86 70% 61-77 96% 81-99 18
ADI-R (CLI) alone 99% 94-100 94% 89-97 85% 66-94 6
ADI-R (RES) alone 80% 70-87 72% 63-79 92% 76-98 9
ADOS alone 99% 94-100 98% 93-99 65% 46-81 3
ADI-R (CLI) or ADOS 100% 96-100 99% 96-100 62% 43-78 3
ADI-R (RES) or ADOS 99% 94-100 97% 92-98 85% 66-94 6
PH21-47
ADI-R (CLI) and ADOS 90% 74-97 82% 71-89 80% 65-90 4
ADI-R (RES) and ADOS 83% 66-93 71% 59-81 88% 74-95 6
ADI-R (CLI) alone 90% 74-97 83% 73-90 58% 42-71 2
ADI-R (RES) alone 83% 66-93 73% 61-82 75% 60-85 3
ADOS alone 100% 89-100 97% 90-99 68% 52-80 3
ADI-R (CLI) or ADOS 100% 89-100 99% 92-99 45% 31-60 2
ADI-R (RES) or ADOS 100% 89-100 98% 92-99 55% 40-69 2

12-20/NV21-47 all children 12-20 months and nonverbal children 21-47 months, SW21-47 children 21-47 months with single
words, PH21-47 children 21-47 months with phrase speech, ADI-R Autism Diagnostic Interview-Revised, ADOS Autism Diagnostic
Observation Schedule, CLI Clinical Cutoff, RES Research Cutoff, CI Confidence Interval.

Numbers in parentheses are when children with nonverbal mental age lower than 15 were included.

Characteristics of misclassified children

We then compared the characteristics of true posi-
tives (TPs) and false negatives (FNs) for each instru-
ment as well as false positives (FPs) and true
negatives (TNs). The most common trend was that
FPs (NS cases misclassified as ASD) were signifi-
cantly older and had significantly lower NVIQ and
Vineland scores than TNs (correctly classified NS
cases). On the other hand, FNs (ASD cases misclas-
sified as NS) were younger and showed higher NVIQ
and Vineland scores than TPs (correctly classified
ASD cases). See Table S1 in Electronic Appendix.

Overlap between the ADI-R and ADOS-T ranges of
concern

Most children (71%) whose scores were in the little-
to-no range of concern in the ADI-R fell in the same
range in the ADOS-T. Similarly, 64% of children
whose scores fell in the moderate-to-severe range in
the ADI-R fell in the same range in the ADOS-T. If a
child was classified as at risk (mild-to-moderate and
moderate-to-severe ranges) by only one instrument
(23%), the odds ratio for the child to be placed in a
risk group by the other instrument was 12.69
(* =19.2, p<.001, See Figure 1). When children
were placed in a risk group by both instruments
(50%), the odds ratio of having a BEC ASD diagnosis
was 56.19 (x> = 19.2, p < .001).

ADOS
ranges of concemn

Little-to-no g Mild-to-moderate = Moderate-to-severe
2 concern concern e concern

100.0%—

80.0% -

7"
60.0%

Percent

40.0%

20.0% 14

0.0%

Little-to-no concern  Mild-to-moderate Moderate-to-severe
concern concern

ADI-R Ranges of Concern

Figure 1 Overlap between the ADI-R and ADOS ranges of con-
cern. ADI-R = Autism diagnostic interview-revised, ADOS = Aut-
ism diagnostic observation schedule

Agreement across the instruments

A correlation between the ADI-R and ADOS algo-
rithm totals for the ‘12-20/NV21-47’ group (r = .75)
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was also significantly greater than those of the
‘SW21-47 and PH21-47’ groups (r= .47, Z=4.7;
r=.59, Z=2.7, both p<.01). The correlation
between the ADI-R and ADOS SA domains for the
‘12-20/NV21-47’ group (r= .69) was significantly
greater than that of the ‘SW21-47’ group (r = .49,
Z = 3.1, p < .01). The correlation between the ADI-R
and ADOS RRB domains for the ‘12-20/NV21-47’
group (r = .62) was significant greater than those of
the ‘SW21-47° and PH21-47" groups (r=.44,
Z=25, p<.05 r=.29, Z=3.9, p< .01, respec-
tively).

Positive and negative screening estimates

Total scores on the ADI-R and ADOS algorithms
which resulted in very high probabilities (100%) of
receiving an ASD classification on the other instru-
ment (positive screening estimates) for all ASD cases,
ranged from 18 to 25 and 18 to 22 respectively. Total
algorithm scores resulting in very low probabilities
(less than 5%) of receiving an ASD classification on
the other instrument (negative screening estimates)
ranged from 4 to 5 and 8 to 11 respectively. See
Table S2 in Electronic Appendix for sensitivities and
specificities for these scores.

High specificity case scores

We then identified scores on the ADI-R and ADOS
that resulted in high specificities for BEC diagnoses
of ASD. The lowest scores on both instruments that
resulted in 100% specificities were first identified for
each developmental cell. For the ADOS, when scores
were selected by 100% specificity, sensitivities ran-
ged from 17% to 80% depending on developmental
cells. Clinical cutoffs on the ADI-R are reported. As
expected, when the ADI-R research cutoffs were
used, a similar pattern emerged but with lower sen-
sitivities and higher specificities. For high specificity
case scores (100%) on the ADI-R, sensitivities ranged
from 14% to 41%. Scores that resulted in specifici-
ties around 90% and 80% were also identified. An
example of sequential assessment strategies using
the Positive Screening Estimates (PSE), Negative
Screening Estimates (NSE) and high specificity case
scores are described in Figure 2 and the Discussion.

Discussion

Consistent with findings from older children (Risi
et al., 2006), use of information from both the new
ADI-R algorithms for toddlers and young preschool-
ers and the revised ADOS and new ADOS-T algo-
rithms together better reflected clinical best estimate
diagnoses of ASD than when either single instru-
ment was used. The ADI-R includes a developmental
history and a detailed description of individual’s
functioning in a variety of social contexts as well as
caregivers’ perceptions of the level of impairment
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Figure 2 Sequential assessment strategies using positive/negative
screening estimates (PSE/NSE) and high specificity case scores.
ADI-R = autism diagnostic interview-revised, ADOS = autism
diagnostic observation schedule. *In general developmental dis-
orders clinics, autism cases would comprise a smaller proportion
of likely diagnoses, thus the percent of cases with scores below or
equal to NSE and/or possibly the less decisive range would
increase

and/or frequency of different behaviors. The ADOS
provides a summary of an experienced clinician’s
standardized observations of individual’s behaviors
within contexts that elicit social initiations and
responses as well as communication interchanges.
As suggested by low to moderate correlations be-
tween the ADI-R and ADOS in this study and in
previous research (de Bildt et al., 2004; Ventola
et al., 2006), the instruments provide overlapping
but not identical information. Though the lack of
high agreement between the instruments is frus-
trating in terms of each instrument’s diagnostic
validity, it increases their additive value. In fact, the
combination of new and revised algorithms revealed
even higher validity for toddlers and preschoolers
than expected from studies using the original algo-
rithms (Risi et al., 2006).

These newly developed and revised algorithms
were created in a way that the influence of age and 1Q
scores on the algorithm scores was minimized. Nev-
ertheless, we found differences in age, 1Q, and
adaptive functioning between children who were
correctly identified and those misclassified by the
instruments. For example, ASD cases misclassified
as NS tended to be younger toddlers who had higher
nonverbal intellectual and adaptive functioning. On
the other hand, NS cases misclassified as ASD were
older preschoolers with lower intellectual and adap-
tive functioning. These results are consistent with
past studies showing that differentiating children
with ASD from other developmental disorders is
more difficult for very young children, children with
severe delays (with lower IQ scores and/or who are
nonverbal), and the most able toddlers and young
preschoolers (with very high IQ scores and/or phrase
speech; Gotham et al.,, 2007; Kim & Lord, 2011;
Storoschuk, Rutter, & Pickles, 1993).
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More able children, in this case, primarily older
preschoolers, showed lower correlations between the
ADI-R and ADOS than the younger and /or nonverbal
group. In addition, mean ADI-R domain and algo-
rithm total scores were lower for the ‘PH21-47’ group
than the ‘SW21-47’ and ‘12-20/NV21-47’ groups
whereas mean ADOS scores were similar across all
three groups. This may indicate that parents of
preschoolers with more advanced levels of language,
children who almost always also have stronger
nonverbal skills, perceive their children’s symptoms
as less severe than clinicians evaluating the same
children based on direct observations. This supports
the usefulness of integrating perspectives from both
caregivers and experienced clinicians especially
when evaluating more complex cases.

Different sequential strategies could be used to
determine when use of a single instrument might be
sufficient. Each strategy has a distinct process in
terms of obtaining a diagnostic classification. For
example, as in Figure 2, if a clinician first adminis-
tered the ADOS and the child’s score on the ADOS
was above the PSE (or the high specificity case
score), unless other information suggested other-
wise, the clinician could reasonably assume that the
child would be likely to receive an ASD diagnosis
without administering the ADI-R. Based on the clinic
referrals from the dataset used in the present study,
such an approach was appropriate for about 72% of
the clinic referrals (with 52% very likely ASD and
20% likely not ASD). However, about 28% of the
referrals obtained less decisive scores, showing that
such an approach may not be appropriate for all
children (See Table 3 and Table S2 in Electronic
Appendix). It is also important to note that UMACC is
an autism clinic; in general developmental disorders
clinics, autism cases would comprise a smaller

proportion of likely diagnoses, so that the percent of
cases with scores below or equal to NSE and possibly
those in the less decisive range would increase.
Studies of baby siblings of children with autism also
suggest that the proportion of less decisive cases
may be higher when children are not specifically
referred for an autism assessment (Landa & Garrett-
Mayer, 2006; Zwaigenbaum et al., 2005).

Although distributions of children by ranges of
concern did not overlap perfectly between the ADI-R
and ADOS-T, the majority of children classified as
those needing follow-up evaluations and treatments
by one instrument were also classified as at risk by
the other instrument. In addition, the high likelihood
ratio of receiving a BEC diagnosis of ASD for children
classified into the risk groups by both instruments
supports the validity of ASD risk categories even in
very young children.

Limitations

Compared to the samples in past studies, the sample
used in the present study was smaller because we
selected only children with a contemporaneous ADI-
R and ADOS for each case. Thus, restricted size and
possible recruitment biases of more complex cases
in the control groups (children with NS and TD)
may have resulted in lower specificities in the
present study compared to the original studies
(Gotham et al., 2007; Kim & Lord, 2011; Luyster
et al., 2009). In addition, because samples included
a subset of children from previous studies men-
tioned above, replications from different sites will be
critical.

The ADI-R and ADOS were administered by the
same clinician for 75% of children; for 66% of these
children, the ADI-R was administered before the

Table 3 High specificity (100%, 90%, and 80%) case scores and sensitivities

ADI-R 12-20/NVvV21-47 SW21-47 PH21-47
N (ASD vs. NS) 289 (244, 45) 115 (85, 30) 105 (65,40)
Specificity Score Sensitivity Score Sensitivity Score Sensitivity
100% 22 22% 18 41% 28 14%
90% 17 55% 13 70% 23 34%
80% 12 7% 8 83% 21 43%
ADOS ADOS-T Module 1 Module 2
N (ASD vs. NS) 46 (31, 18) 113 (90, 13) 61 (52, 39)
Specificity Score Sensitivity Score Sensitivity Score Sensitivity
100% 18 35% 14 80% 20 17%
90% - - 13 80% 11 68%
80% 17 45% 12 90% 9 79%

12-20/NV21-47 all children 12-20 months and nonverbal children 21-47 months, SW21-47 children 21-47 months with single
words, PH21-47 children 21-47 months with phrase speech, ADI-R Autism Diagnostic Interview-Revised, ADOS Autism Diagnostic
Observation Schedule, ADOS-T ADOS-Toddler

High specificity case scores are available from the ADOS-T for 12-20/NV21-47 group, from Module 1 for SW21-47 group, from
Module 2 for PH21-47 group.
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ADOS. Thus, in about half of the cases, clinicians
were not blind to developmental history and the
caregiver’s descriptions, which might have affected
their ADOS administration and coding. However, the
correlation between the algorithm total scores for the
two instruments was slightly higher when different
clinicians versus the same clinician administered
the instruments (r of .66 vs. .59).

Even though about 280 children (46% of the entire
sample) were clinic referrals at UMACC, the results
were not entirely based on clinic patients but also
derived from research participants. In general
developmental disorders clinics, characteristics of
referrals might differ from the children in the present
study. Thus, inferences about the generalization of
results from the present study should be carefully
considered.

Conclusion

The ADI-R and ADOS provide both unique and
overlapping information important for clinicians and
researchers making diagnostic decisions. When both
instruments were used in combination, well-bal-
anced sensitivities and specificities were obtained.
Using the newly developed ADI-R algorithms and the
revised ADOS and new ADOS-T algorithms, even
with young children, validity for combined use of the
instruments in the present study was comparable or
higher than in past research (Risi et al.,, 2006).
Taking into account information from both a skilled
clinician and a caregiver contributes to diagnostic
differentiations especially for more complex cases.
Alternative combinations with other instruments
besides or in addition to the ADI-R and/or ADOS,
such asthe SCQ (Rutter etal., 2003a), SRS
(Constantino & Gruber, 2005), CCC-2 (Bishop,

J Child Psychol Psychiatry 2012; 53(2): 143-51

2003), and the Screening Tool for Autism in Two-
Year-Olds (STAT; Stone, Coonrod, & Ousley, 2000)
may be equally effective. In addition, sequential
assessment strategies may be appropriate for some
children allowing cost- and time- effective research
and clinical practice.
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Key points

parent interview and clinician observation.

e The ADI-R and ADOS make independent, additive contributions to more consistent and accurate diagnostic
decisions for clinicians evaluating toddlers and young preschoolers with ASD.
e Well-balanced sensitivities and specificities are obtained for ASD diagnoses using information from both

e Sequential assessment strategies using high specificity case scores and negative/positive screening estimates
may allow clinicians to use a single measure for the diagnosis of ASD in some cases.
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