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Abstract

Objective—To develop a clinically valid interactive level 2 screening assessment for autism
spectrum disorders (ASD) in toddlers that is brief, easily administered, and scored by clinicians.

Study design—We describe the development, training, standardization, and validation of the
Rapid Interactive Screening Test for Autism in Toddlers (RITA-T) with ASD-specific diagnostic
instruments. The RITA-T can be administered and scored in 10 minutes. We studied the validity of
the RITA-T to distinguish between toddlers with ASD from toddlers with developmental delay
(DD)/non-ASD in an early childhood clinic. We also evaluated the test’s performance in toddlers
with no developmental concerns. We identified a cutoff score based on sensitivity, specificity, and
positive predictive value of the RITA-T that best differentiates between ASD and DD/non-ASD.

Results—A total of 61 toddlers were enrolled. RITA-T scores were correlated with ASD-specific
diagnostic tools (r=0.79; P< .01) and ASD clinical diagnoses (r=0.77; P< .01). Mean scores
were significantly different in subjects with ASD, those with DD/non-ASD, and those with no
developmental concerns (20.8 vs 13 vs 10.6, respectively; £ < .0001). At a cutoff score of >14 , the
RITA-T had a sensitivity of 1.00, specificity of 0.84, and positive predictive value of 0.88 for
identifying ASD risk in a high-risk group.

Conclusion—The RITA-T is a promising new level 2 interactive screening tool for improving
the early identification of ASD in toddlers in general pediatric and early intervention settings and
allowing access to treatment.

Autism spectrum disorders (ASD) are characterized by deficits in social communication
skills and restricted, repetitive behaviors or interests.! Clinical signs sometimes are evident
by as early as age 12 months.2 Early identification leads to earlier and more effective
interventions, which often can significantly reduce the severity of the disorder.3
Unfortunately, the average age of ASD diagnosis in the US is around 4 years?; thus, there is
an urgent public health need for more efficient early identification.

The American Academy of Pediatrics recommends universal (level 1) ASD screening at age
18 and 24 months.> Level 1 tests, such as the Modified Checklist for Autism in Toddlers (M-
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CHAT),® have by design high rates of false-positive results. The positive predictive value
(PPV) for ASD of the M-CHAT revised with follow-up is 0.54, compared with 0.99 for
children with developmental delay (DD). This discrepancy leads to overreferrals for ASD
evaluations, delays in treatment, increased parental anxiety, and burdens on scarce resources.
A second stage or a level 2 assessment after a positive initial screen provides confirmation of
ASD-specific risk.8

There are currently 2 interactive level 2 ASD screening tests: the Systematic Observation for
Red Flags (SORF)? and the Screening Tool for Autism in Two-Year-Olds (STAT)1? The
SORF requires videotaping and does not easily fit into the clinical flow. The STAT takes 20
minutes to administer. It has excellent sensitivity (0.92) and specificity (0.85) in identifying
ASD between age 2 years and 3 years, but may miss the diagnosis in toddlers younger than 2
years of age, and its psychometric properties are weaker in those children.11

Here we report results of a new interactive, level 2 ASD screening test, the Rapid Interactive
Screening Test for Autism in Toddlers (RITA-T). This brief interactive test (5-10 minutes to
administer and score) can be administered after a positive level 1 test to identify those
toddlers with ASD risk. We believe that use of the RITA-T could greatly expand the
availability of effective level 2 ASD screening measures, which would lead to earlier
diagnosis of ASD and access to treatment. In the present study, we aimed to assess the
validity and study the discriminative properties of the RITA-T in differentiating toddlers
with true ASD risk from toddlers with other forms of DD/non-ASD.

The RITA-T consists of 9 interactive activities (“items™) designed to evaluate developmental
constructs known to represent early signs of ASD in toddlers aged 18-36 months: joint
attention,12 social awareness, reaction to emotions,2 awareness of human agency, and some
fundamental cognitive skills. Each of the 9 activities (Table I) probes for 1 or more
constructs based on observations of specific behaviors “triggered” by the activity and scored
as “yes” (= 0; expected behavior observed) or “no” (= 1; expected behavior not observed).
The sum determines the score for each of the 9 activities. The RITA-T total score is
computed by adding all 9 scores, with a maximum score of 30. Higher scores reflect greater
atypicality. The tool can be administered and scored within 10 minutes. Four items are
timed.

Several items in the RITA-T probe for the response to and initiation of joint attention. We
evaluate the toddler’s response to the parent’s “feigned neutral and sad” emotions. Toddlers
usually respond with distress to neutral maternal faces,2 whereas toddlers with ASD may
react with less distress. We also probe for “self-recognition,” a well-known social cognition
skill that emerges between ages 18 and 24 months!4 but is reportedly disordered in children
with autism.1® Other items probe for a construct that we term “awareness of human
agency.”16 We can see this when we manually interrupt toddlers during their explorations of
objects. We query which draws their attention, the “thwarting hand” or the person doing the
thwarting. The items come from our own personal, clinical interactions (eg, blocking
activities). The RITA-T also includes cognitive tests based on “naive physics” (eg, “object
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permanence,” “color and shape constancy”). We measure the toddler’s awareness of what is
“possible” and what is “impossible,” along with the reaction of surprise when “impossible”
events occur.

We developed and tested a 3-hour training module with the Early Childhood Clinic (ECC)
team at the hospital in which this study was based. The team included 8 clinicians along
with research assistants (RAs) at BA and MA levels. Training consisted of observation of 3
videotaped administrations of the RITA-T, group discussions, and individual scoring of 3
other videotaped assessments. The Cohen « statisticl” was calculated for each rater and
varied between 0.7 and 1, indicating good to excellent agreement.

The Autism Diagnostic Observation Schedule-Generic (ADOS-G)8 is a norm-referenced,
semistructured evaluation of the core deficits in ASD. Four modules are available based on
level of expressive language (EL). An algorithm with cutoff scores defines autistic disorder
(AD), ASD, and non-ASD. Toddlers in the present study received modulel. Diagnostic and
Statistical Manual of Mental Disorders (DSM)-1V1® and DSM-5 criteria checklists are ASD
diagnostic criteria established by the American Psychiatric Association. The M-CHAT is a
level 1 ASD screening questionnaire for toddlers aged 18-36 months completed by
caregivers. The previous version was used in this study and consisted of 23 yes/no questions.
A toddler failed the screen if 2 critical items or 3 or more criteria were failed, and confirmed
by a follow-up interview.

The Mullen Scales of Early Learning (MSEL)2? is a normative measure of development
from birth to 68 months in visual reception (VR), receptive language (RL), EL, and fine
motor skills. Each subscale yields a T-score (mean + SD, 50 + 10). The fine motor scale was
not administered in this study, so an “early learning composite” was not computed.

Study Design

Once the hospital’s Institutional Review Board approved the study design, we randomly
recruited 2 experimental groups: a group with no developmental concerns raised (our control
group) and a group of “clinically referred” toddlers with expressed concerns of either DD or
ASD. The first group, which we termed the “no concerns raised” (NCR) group, comprised
18- to 36-month-old children selected at random between March 2012 and May 2013 from
general and pediatric gastroenterology clinics that happened to be near the ECC. Exclusion
criteria included developmental concerns endorsed by parents or a current acute illness. The
RA checked the schedules on days when she was available and solicited participation from
the parents of those eligible. Parents completed the M-CHAT, and the RA administered the
RITA-T. No other tests were administered.

The clinically referred toddlers ranged in age from 18 to 36 months and had been referred to
the ECC owing to concerns about DD or ASD. They were enrolled at random from the clinic
between June 2012 and May 2013. Toddlers presenting with known genetic syndromes
associated with ASD or with active seizures were excluded.
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A neurodevelopmental disabilities pediatrician, 2 developmental behavioral pediatricians,
and a speech and language pathologist staffed the ECC. All had extensive experience with
evaluating ASD in toddlers and administering the ADOS-G. On the day of the visit, the RA
obtained informed consent from the families who agreed to participate. Parents then
completed the M-CHAT. The RA administered the RITA-T at the beginning of the 2-hour
evaluation, and was blinded to referral concerns. Clinical evaluations included a detailed
developmental and medical history, observation of play and behavior, and directed testing.
Clinicians were blinded to the results of the RITA-T and the M-CHAT. They administered
the ADOS-G when clinically indicated, the MSEL subscales, and sometimes other tests (eg,
Childhood Autism Rating Scale, Cognitive Adaptive Test/Clinical Linguistic Auditory
Milestone Scale) to inform their assessment. The VR served as a marker of cognitive
developmental level.2! The developmental behavioral pediatricians and the
neurodevelopmental disabilities pediatrician completed the DSM-IV and DSM-5 checklists
for all toddlers at the visit. The DSM-IV checklist has been reported to accurately inform
clinical diagnoses.22 Final clinical diagnoses of ASD or DD/non-ASD were then provided
by these board-certified and experienced clinicians based on the totality of their assessments
(history, observation, and all testing measures).

Statistical Analyses

Results

The toddlers were divided into 3 groups: ASD, DD/non-ASD, and NCR. Mean total scores
of the RITA-T and the M-CHAT failed items were compared across the 3 groups, and the
mean MSEL scores and the mean total number of criteria endorsed on the DSM-1V and
DSM-5 checklists were compared in the ASD and DD/non-ASD groups using 1-way
ANOVA .23 Pearson correlations between RITA-T total scores and DSM-1V and DSM-5 total
criteria endorsed, ADOS-G scores, and chronological age of toddlers in the sample were
computed. Sensitivity, specificity, PPV, and negative predictive value (NPV) of the RITA-T
score vs the final diagnostic decision were computed for each observed total score (range, 8—
27). An ideal cutoff score was identified for our sample (Table I1I).

Seventy-four toddlers were assessed for eligibility, and 6 declined participation; thus, a total
of 68 toddlers were enrolled. Of these, 61 continued in the study, including 42 with
developmental concerns (23 who ultimately received an ASD diagnosis and 19 who received
a DD/non-ASD diagnosis) and 19 who were NCR. Clinicians completed the DSM-1V and
DSM-5 ASD criteria checklists for all 42 toddlers with developmental concerns. At the time
of the study, the DSM-5 ASD criteria had not been published; the DSM-IV criteria were the
benchmark for diagnosis, and were previously shown to inform diagnosis.?? Thus, both
checklists were used; however, only the DSM-5 results were used to calculate the cutoff
scores of the RITA-T, because those criteria are the current benchmark.

Clinicians decided whether or not to administer the ADOS-G based on the toddler’s
developmental history, presenting concerns and behaviors, and the DSM criteria met. The
ADOS-G module 1 was administered to all 23 toddlers who were later diagnosed with ASD
and to 7 others who were later diagnosed with DD/non-ASD. The MSEL subtests (RL, EL,
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and VR) and/or other tests were used to inform clinical diagnoses; the choice of testing
depended on the clinical staff and the availability of the speech and language pathologist.
The MSEL subtests were administered to 20 of 23 toddlers in the ASD group and to 17 of
19 toddlers in the DD/non-ASD group.

Mean Differences among the 3 Groups

Table I11 presents demographic characteristics and test results for the 3 groups. The mean
RITA-T score differed significantly among the 3 groups. The mean total score of the RITA-T
was significantly higher in the ASD group than in the DD/non-ASD group (20.8 + 3.6
[range, 15-27] vs 13 + 2.5 [range, 8-18]; £<.0001). The mean RITA-T score also differed
significantly between the ASD and the NCR groups (20.8 + 3.6 [range, 15-27] vs 10.9 +
2.12 [range, 7-14]; P< .0001), with no overlap of scores (ie, no NCR subject had a score
higher than the lowest score of an ASD subject). Importantly, the RITA-T total scores of the
NCR group and the DD/non-ASD group were not significantly different from each other.
The Figure displays a scatterplot of RITA-T scores from the 3 study groups. It is interesting
to note that even in the NCR group, the lowest RITA-T total score was 8.

The mean DSM-1V and DSM-5 total criteria endorsed differed significantly between the
ASD and the DD/non-ASD groups, as did the number of M-CHAT total and critical items
failed. We looked at both the total items and the critical items, because this was based on the
previous version of the M-CHAT. The mean T-scores of the MSEL subscales were not
significantly different in the ASD and DD/non-ASD groups.

Relationships among the Different Measures

The RITA-T total score was correlated with the total number of DSM-1V and DSM-5 criteria
endorsed (r=0.78 and 0.76, respectively; n = 42; P<.0001). The RITA-T total score was
also correlated with the ADOS-G total score (r=0.79; n = 25; P<.001). We examined the
difference in the average total RITA-T score of the AD group (21.3 + 3.4) and the ASD
group (16.4 + 3.6) based on ADOS-G classification. The mean RITA-T total score differed
significantly between the AD and ASD groups (P < .001). The RITA-T total score did not
correlate with chronological age across all samples. The final clinical diagnoses provided
were highly related to both DSM-1V and DSM-5 checklist diagnostic assignment (Yates XZ
=29.7; P<.000001).

Assessment of the Diagnostic Accuracy of the RITA-T in This Sample

To assess candidate cutoff total scores for the RITA-T in this particular sample, we
calculated sensitivity, specificity, PPV, and NPV for each obtained cutoff score between 8
and 27 for the RITA-T compared with the final clinical diagnosis (Table I1). For this
analysis, we tested each obtained RITA-T total score against the final diagnosis of that
particular total score and determined the number of false-positive, false-negative, and true-
positive diagnoses were observed. In this sample, a cutoff score of 15 (ie, a RITA-T total
score of 215) provided the best balance of sensitivity, specificity, and PPV (sensitivity, 1;
specificity, 0.84; PPV, 0.88). At this cutoff score, the NPV was 1, meaning that of the 35
toddlers with a RITA-T score of <14, none ultimately received a diagnosis of ASD.
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Discussion

We report initial findings for the RITA-T, a new interactive level 2 ASD screening test for
toddlers that we have developed. We studied its ability to differentiate between toddlers with
DDs and/or ASD and toddlers for whom no developmental concerns had been raised.
Overall, our results show that a RITA-T score of 215 can discriminate between toddlers with
ASD and those with non-ASD DDs at age 18—-36 months with greater sensitivity and
specificity than current level 2 ASD screening tools.

There is an important need for a psychometrically valid and interactive level 2 ASD
screening test that is both easily learned and readily administered by clinicians in busy
clinical settings and early intervention programs. Currently, the best level 1 ASD screening
test available (the M-CHAT) has a false-positive rate of 46% for ASD. Thus high rate results
in overreferrals to developmental evaluation centers and long waiting lists, both of which
delay early therapeutic intervention for those who truly are on the autism spectrum. The 2
currently available interactive level 2 screening tests, the SORF and the STAT, require
significant training to administer and can take up to 30 minutes to perform, making their
integration in clinical settings challenging. In addition, the STAT is better able to identify
AD than ASD, and although it has strong psychometric properties for children aged 24-36
months, these properties are weaker in toddlers under age 24 months.

We have demonstrated that the training for reliable administration and scoring of the RITA-
T is easily accomplished with approximately 3 hours of targeted training with a small group
of clinicians. The RITA-T can be administered and scored within 10 minutes.

Several key findings warrant further discussion. The RITA-T differentiated extremely well
between toddlers with ASD and those with DD/non-ASD; RITA-T scores were significantly
higher in the ASD group than in the DD/non-ASD group (mean score, 20.8 vs 13). The
RITA-T also differentiated well between toddlers with ASD and those with no apparent
developmental concerns. More importantly, there was no significant overlap between the
mean RITA-T scores of the DD/non-ASD and NCR groups; this finding is significant,
because the DD/non-ASD and NCR groups are likely to have significantly different global
measures of development, such as the MSEL VR, EL, and RL. (We expect that the NCR
group likely would have scored in the normal range on the MSEL.) Thus, the RITA-T
evaluates ASD-specific skills, such as social communication and social referencing, and not
language delay or DDs. Toddlers with no apparent DD and toddlers with a DD or language
delay but with intact social communication skills score comparably on the RITA-T.

Another key finding of this study is that the RITA-T was closely correlated with established
diagnostic measures of ASD. The RITA-T correlated positively with the ADOS-G total
score and with its diagnostic assignment (ie, AD vs ASD). The RITA-T total score was
correlated with the DSM-IV and the DSM-5 mean total checklist items completed by
clinicians who were blinded to the RITA-T test results (r= 0.78 and 0.76, respectively).

Experienced clinicians and clinical teams provided the clinical diagnoses based on
developmental history, clinical observations, direct testing, and DSM-IV and DSM-5 criteria
checklists. We corrected for the fact that the ADOS-G was not administered to all 42
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toddlers referred for developmental or ASD concerns by using both the DSM-1V and the
DSM-5 diagnostic criteria, which are more generalizable to clinical settings.

The mean chronological age of the enrolled toddlers was significantly higher in the ASD and
DD/non-ASD groups compared with the NCR group (27.3 £ 5.7 months vs 29.3 £ 5.5
months vs 21.7 + 6.5 months, respectively). Although this difference was not intentional, the
reality is that toddlers with DDs and ASD concerns are more developmentally equivalent to
younger toddlers matched for chronological age. Furthermore, the ASD and the DD/non-
ASD groups were developmentally comparable based on scores on the MSEL subscales.
Thus, the significant differences obtained with the mean RITA-T total scores are not
explained by DDs or language delays. The RITA-T total score was not correlated with age in
any of the 3 study groups, further supporting its validity.

It is also interesting to note that even in toddlers with no developmental concerns raised, the
lowest RITA-T score obtained was 7. It is difficult to score a “perfect 0” with the current
scoring algorithm, likely because the scoring of some items demands the joint attention of
both the parent and the examiner. In addition, the self-recognition activity requires an
average cognitive level of approximately 18 months. Although we do not report these data
here, it will be important to evaluate the relative contributions of the individual items to the
final score. There was a greater proportion of males in the ASD samples relative to the non-
ASD samples. The extent to which this plays a role in the differences observed here is not
known; however, the higher prevalence of ASD in males compared with females is well
known,? further validating the representativeness of our ASD sample.

In our sample of toddlers aged 18—-36 months, a RITA-T cutoff score of =15 had strong
psychometric properties for differentiating ASD from DD/non-ASD based on final
diagnoses. Raising the cutoff score to 17-18 would increase specificity to perfection, but at a
cost to sensitivity. Because we are proposing the RITA-T as a screening instrument and not
as a diagnostic instrument, it is more important to have higher sensitivity (100%) than
specificity (84%). In addition, these preliminary results are appealing for a level 2 ASD
screening test in toddlers, but they need to be replicated in an independent referral sample.
Toddlers were enrolled from a referral sample, which is appropriate because level 2
screening tests are usually administered to toddlers with developmental concerns. The
setting in which the RITA-T will be most useful include early intervention centers where a
delay has already been recognized, a pediatrician’s office after a child fails the M-CHAT, or
settings in which a suspicion has been identified by the pediatrician, another clinician, or a
parent. An important key finding that was not an original goal for this study was how well
the RITA-T fits into the clinical flow of this ECC.

This study has several limitations, including the small number of toddlers enrolled. Although
small samples have been reported previously for psychometric studies of screening tools in
toddlers with ASD,10.11 Jarger samples are needed to replicate children with different
clinical presentations (eg, Down syndrome) and in different ethnic and cultural groups. It
also will be necessary to explore the RITA-T’s validity in younger toddlers (age 12-18
months) with developmental concerns, and to replicate the preliminary psychometric
properties reported here. This effort is currently underway. In addition, we relied on clinical
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diagnoses in addition to objective measures to assess the participants’ performance on the
RITA-T. Board-certified and experienced clinicians provided clinical diagnoses relying on
history, observation, and testing. Our study design did not allow us to have 2 independent
clinicians evaluating the same toddler and verifying their clinical diagnoses for consensus.
The ADOS-G was administered mainly to those toddlers later diagnosed with ASD;
however, the clinical decision was based on history, DSM criteria checklist, observation of
play, and interactions between the clinician and the toddler. We also recognize that the
administration and training of the RITA-T needs to be replicated with primary care
pediatricians and other clinicians (eg, nurses, early intervention providers); this is currently
underway as well.

In conclusion, these initial results for the RITA-T, a new interactive ASD level 2 screening
tool, demonstrate strong psychometric properties with respect to the identification of ASD in
18- to 36-month-old toddlers identified as at risk for or with DDs. Its administration and
scoring can be accomplished within only 10 minutes, and the training for scoring reliability
can be achieved in as little as 3 hours. An additional advantage over the only currently
available level 2 screening test, the STAT, is that we plan to have the RITA-T and its training
in the public domain (ie, at no cost to clinicians). Although its properties require further
validation in larger samples, the RITA-T provides a useful additional screening step in a 2-
level screening model after developmental concerns are identified and before a full ASD
developmental evaluation is completed. This will result in more appropriate referrals,
decreased clinical evaluation waiting times, and earlier access to appropriate treatment.
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Preliminary psychometrics of the RITA-T at different cutoff scores based on DSM-5 diagnoses in this sample

RITA-T total score  Sensitivity = Specificity PPV~ NPV
8 1 0.05 056 1

9 1 0.11 058 1

10 1 0.16 059 1

11 1 0.26 062 1

12 1 0.37 066 1

13 1 0.53 072 1

14 1 0.84 088 1

15 0.96 0.84 0.88 0.94
16 0.83 0.89 090 081
17 0.74 0.95 0.94 0.75
18 0.65 1 1 0.70
19 0.61 1 1 0.68
21 0.48 1 1 0.61
22 0.35 1 1 0.56
23 0.30 1 1 0.54
24 0.13 1 1 0.49
25 0.09 1 1 0.48
26 0.04 1 1 0.46
27 0 1 1 0.45

No child with ASD scored 14 or less on the RITA-T.
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