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ABBREVIATIONS

ASD Autism spectrum disorder

CSBS DP:

ITC

Communication and Symbolic

Behavior Scales Developmental

Profile: Infant-Toddler Checklist

ESR Early social responsiveness

M-CHAT-

23

23-item Modified Checklist for

Autism in Toddlers

PPV Positive predictive value

ROC Receiver operator curve

AIM To evaluate the psychometric properties of a 4-minute assessment designed to identify

early autism spectrum disorder (ASD) status through evaluation of early social

responsiveness (ESR).

METHOD This retrospective, preliminary study included children between 13 and 24 months

(78 males, 79 females mean age 19.4mo, SD 3.1) from two independent data sets (an

experimental/training sample [n=120] and a validation/test sample [n=37]). The ESR

assessment examined social behaviors (e.g. eye contact, smiling, ease-of-social-engagement)

across five common play activities (e.g. rolling a ball, looking at a book). Data analyses

examined reliability and accuracy of the assessment in identifying ESR abilities and in

discriminating children with and without ASD.

RESULTS Results indicated adequate internal consistency and test–retest reliability of the ESR

assessment. Receiver operator curve analysis identified a cutoff score that discriminated

infants with ASD-risk from peers in the training sample. This score yielded moderate

sensitivity and high specificity for best-estimate ASD diagnosis in the validation sample.

INTERPRETATION Preliminary findings indicated that brief, systematic observation of ESR

may assist in discriminating infants with and without ASD, providing concrete evidence to

validate or supplement parents’, pediatricians’, or clinicians’ concerns. Future studies could

examine the utility of ESR ‘growth curves’.

Autism spectrum disorder (ASD) is characterized by
impaired reciprocal social interactions and the presence of
restricted and repetitive behaviors.1 For infants who are
eventually diagnosed with ASD, parents often report non-
specific developmental concerns that do not yet meet full
diagnostic criteria for ASD, thus creating a dilemma for
frontline clinicians needing to address parent concerns.2,3

Systematic observation of an infant’s early social respon-
siveness (ESR) may provide a means for identifying subtle
social delays, before the age when more obvious symptoms
of ASD emerge.4–6 In this study, we examined individual
differences in ESR and determined whether brief, system-
atic ESR observations can differentiate infants and toddlers
with ASD, or at risk for ASD, from their peers.

ESR is marked by three critical developmental stages,
each characterized by increased social awareness, responsive-
ness, and engagement.7–10 At 2 to 3 months, infants become
more socially aware of others and begin to detect how their
own actions are related to others’ actions (e.g. observable
behaviors include increased smiling and increased vocalizing
in the presence of a social partner).11 Around 6 months,

infants exert greater influence on social interactions using
positive affect, gestures, and vocalizations to maintain social
routines or repair disrupted social routines. Response to
social signals also emerges (e.g. following another’s gaze
toward an object of interest, often called response to joint
attention). They also display increased positive affect during
face-to-face play, increased attention to facial expressions
during a disruption in social play, and increased use of ges-
tures and vocalizations to re-engage a social partner in
play.11–13 Between 9 and 12 months, infants consolidate
their ability to initiate joint attention (e.g. pointing to an
object of interest and shifting gaze between an object and a
person), which allows them to initiate and regulate the pac-
ing of social interactions.14 These capacities serve as the
foundation for sharing experiences with others and represent
a fundamental social development turning point.15–17

Infants eventually diagnosed with ASD demonstrate
atypical patterns of ESR development, characterized by a
delay in ESR or the emergence of ESR behaviors, followed
by a decline.18,19 Both retrospective and prospective studies
reveal these infants show reduced frequency of ESR,
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poorly timed social interactions, and reductions in socially
directed eye gaze, positive affect, and social-communicative
bids; these differences are often evident by 12 months.18,20

Further, response to and initiation of joint attention signals
are infrequent, and considered pathognomonic of young
children with ASD.18–21 Therefore, systematic tracking of
ESR may provide early and robust ASD indicators and
could lead to earlier diagnosis and intervention.22

We examined a 4-minute, interactive ESR assessment
that provides a system for documenting real-time observa-
tions of ESR (e.g. eye contact, smiling, pointing, turn-
taking, and ease of social engagement) across five simple
play activities. To substantially reduce time burdens for
the clinician and hopefully ultimately be used by pediatri-
cians and parents, the assessment uses scripted instructions,
and behaviors are scored concurrently with administration
of the item; a total score is then derived.

We sought to determine whether (1) individual differ-
ences in ESR can be measured reliably during a brief,
interactive assessment, (2) individual ESR differences are
stable, (3) how the ESR compares with other measures of
sociability or ASD behavior, (4) ESR can be used to differ-
entiate infants and toddlers with ASD, or at risk for ASD,
from their same-age peers, and (5) ESR can supplement or
stand apart from parent report. Given the coronavirus pan-
demic, where many diagnostic services have been affected,
a brief and accessible assessment is especially pertinent.

METHOD
Participants
This retrospective study included a total of 157 children
(n=78 males [49.7%], n=79 females [50.3%]). The mean age
was 19.4 months (SD 3.1; range 13–24mo) across two sites
(Georgia Institute of Technology, Atlanta, GA, USA [here-
after Georgia Tech] and Emory Autism Center). The Geor-
gia Tech sample represented a subset of children from a
larger National Science Foundation study repository,23 who
constituted the experimental/training sample (n=120),
whereas the Emory Autism Center sample represented a
subset of children from a clinical research database, who
constituted the validation/test sample (n=37) (Table 1). Chil-
dren were selected from these databases on the basis of age
(13–24mo) and combined into a single database for the pre-
sent study. For both sites, parents were required to complete
the study questionnaires in English. No other inclusionary
or exclusionary criteria existed. The total sample represented
the following self-reported demographics: African-American/
Black (n=33, 21.0%), Asian (n=4, 2.5%), Hispanic/Latino
(n=2, 1.3%), White (n=95, 60.5%), multiple ethnicities or
other (n=17, 10.9%), or not reported (n=6, 3.8%). Maternal
education included less than high school (n=1, 0.6%), com-
pletion of high school (n=8, 5.1%), some college or college
degree (n=89, 56.7%), a master’s degree or higher (n=47,
29.9%), or not reported (n=12, 7.6%). Data were collected
between December 2008 and September 2014.

The experimental/training sample included 120 children
(mean age 19.6mo; SD 3.0, range 15–24mo) who

completed assessments at the Child Study Lab at Georgia
Tech; 40 (33.3%) children completed a follow-up appoint-
ment within approximately 4 months (mean 4.6mo; SD
1.8; range 2–8mo). Children were recruited via mailed
advertisements, via flyers placed at local preschools/day-
cares, and from an online study portal. General recruit-
ment efforts targeted a community sample of children,
whereas targeted recruitment focused on children with
known or suspected developmental delays.

The validation/test sample included 37 children (mean
age 18.7mo; SD 3.3, range 13–24mo) who completed two
research assessments at the Emory Autism Center in
Atlanta, GA, USA, with follow-up assessments occurring
approximately 5 months after the first visit (mean 5.3mo;
SD 3.0; range 1–13mo). Children in this sample were
recruited via advertisements at local daycare centers or from
a clinical database of families seeking assistance. Parents
identified themselves as either having or not having a speci-
fic ASD concern when entering the study. These children
represent a subset of a larger clinical research database.

Institutional review boards at each site (i.e., the Emory
University Institutional Review Board and the Georgia
Tech Institutional Review Board) approved procedures and
written informed consent from parents was obtained before
study enrollment. Clinical referrals were provided as
needed.

Table 1: Demographic information for the experimental (n=120) and
validation (n=37) samples

Measure
Experimental
samplea

Validation
sampleb

n 120 37
Age, mean (SD), mo 19.6 (3.0) 18.7 (3.31)
Male:female ratio 1.03:1 (61:59) 0.85:1 (17:20)
M-CHAT-23STEP 1

c 15.8% ASD-risk
(n=19)

29.7% ASD-risk
(n=11)

M-CHAT-23STEP 1+F/U
c 11.7% ASD-risk

(n=14)
—

Best estimated

ASD diagnosis
— 29.7% (n=11)

CSBS DP: ITC social
compositee

19.2% concern
(n=23)

40.5% concern
(n=15)

aThe experimental sample represented a community sample with
targeted recruitment for children with developmental delay. bThe
validation sample included children whose parents had specific
concerns about autism as well as those with no concerns. c

STEP 1

refers to the initial score derived from the parents’ M-CHAT-23
questionnaire responses, whereas STEP 1+F/U refers to the final risk
determination after the follow-up interview, if required. dBest-
estimate clinical judgement was based on all-information-available
for the validation sample. eCSBS DP: ITC social composite yields a
‘concern’ designation for scores <10th centile on the basis of age.
M-CHAT-23, 23-item Modified Checklist for Autism in Toddlers;
ASD, autism spectrum disorder; CSBS DP: ITC, Communication
and Symbolic Behavior Scales Developmental Profile: Infant-
Toddler Checklist.

What this paper adds
• Early social responsiveness (ESR) can be reliably measured via a brief obser-

vation.
• Brief observation of ESR in infants is stable across time.

324 Developmental Medicine & Child Neurology 2022, 64: 323–330
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Measures
Participants completed a battery of assessments, which
lasted approximately 45 minutes. These included the ESR
assessment, an ASD screening questionnaire (the 23-item
Modified Checklist for Autism in Toddlers [M-CHAT-23]
questionnaire),24,25 a developmental questionnaire (the
Communication and Symbolic Behavior Scales Develop-
mental Profile: Infant-Toddler Checklist [CSBS DP:
ITC]),26 and a background questionnaire.

ESR assessment
Following questionnaire completion, the 4-minute ESR
assessment proceeded with both the child and parent in
the room. The child typically sat on the parent’s lap at a
table, although the assessment continued in other locations
in the testing room as needed (Fig. S1, online supporting
information). Trained clinicians or research assistants
administered the ESR, following the same procedures
across sites, which included scripted language for item
administration. Training consisted of live observation,
practice administrations with live feedback, and achieving
80% or greater co-coding reliability. The ESR assessment
included five structured play activities with standardized
verbal prompts and standardized pauses during play (e.g.
saying ‘hello’, rolling a ball, looking at a book, a silly inter-
action [e.g. book on head], and tickling). The ESR assess-
ment yielded 17 behavior codes that recorded the presence
or absence of eye contact, smiling, pointing, and/or turn-
taking (Appendix S1, online supporting information). The
absence and presence of behaviors were coded as 1 point
and 0 points, respectively. For each activity, an ease-of-
social-engagement rating was also recorded for each of the
five activities, using a 0- to 2-point rating scale. A rating of
0 indicated that the child was easy to engage during the
play activity (the child was attuned to the examiner’s
actions, was readily available for interaction, and attended
to the examiner with anticipation and expectancy, requiring
minimal effort from the examiner). A rating of 1 indicated
that the examiner experienced some difficulty engaging the
child, and a rating of 2 indicated that the examiner had dif-
ficulty engaging the child. Before determining an overall
score, the ease-of-social-engagement ratings were trans-
formed into a dichotomized score (0 or 2), with a score of
1 transformed to a 2. Calculation of the total ESR score
involved summing the 17 behavior ratings and the five
ease-of-social-engagement ratings. Higher scores indicated
poorer ESR (range 0–27). For the experimental sample,
administration took 2.5 to 3 minutes, on average, and scor-
ing was completed via video tape by two raters separately.
For the validation sample, scoring occurred in real-time,
with the combined administration and scoring procedures
requiring a total of 3 to 4 minutes, on average.

M-CHAT-23/F
The M-CHAT-23/F is based on a 23-item questionnaire
designed to assess for early symptoms of ASD and ASD-
risk.24,25 It involves determining an initial score based on a

parent questionnaire (hereafter referred to as M-CHAT-
23STEP 1) and, if indicated, a follow-up (F/U) interview
(M-CHAT-23STEP 1+F/U). For step 1, a low-risk group can
be identified on the basis of a score of 0 to 2. A low-risk
score requires no action or referral and does not require
the follow-up interview. A moderate risk score requires a
follow-up interview, with a score of 2 or more after the
interview indicating ASD-risk and requiring referral (D
Robins, personal communication, 14 May 2021). A high-
risk score indicates that an immediate referral is needed
(the interview is not required). This two-step process
improves accuracy of identifying ASD-risk, compared with
the questionnaire only, and yields a higher positive predic-
tive value (PPV); thus it is the preferred method for ASD-
risk determination when relying on a single measure.24,25

As described below, the M-CHAT-23STEP 1+F/U was used
to determine ASD-risk status for the Georgia Tech site;
however, for the Emory site, the M-CHAT-23STEP 1 was
used to obtain information about symptoms of ASD, but
ASD diagnostic status was determined on the basis of an
all-information-available determination rather than the
follow-up interview.

CSBS DP: ITC
The CSBS DP: ITC parent questionnaire solicits informa-
tion about social communication, speech, and symbolic
understanding and development; it yields three composite
subscores and a total score.26 The social composite has
been used to quantify social communication delays in chil-
dren with autism, and a score at or below the 10th centile
is considered a potential cutoff score for deciding whether
a child should be referred for an autism assessment;
however, as a stand-alone instrument, it may not reliably
discriminate ASD from other developmental or communi-
cation delays.26,27 In this study, the social composite score
was used to describe the sample and in a regression analy-
sis as a predictor of ASD status.

Determination of ASD status
Determination of ASD status differed across the samples,
with the experimental sample focusing on ASD-risk deter-
mination at one point in time, and the validation sample
focusing on best-estimate, all-information-available diagno-
sis determination across two time points.28

Experimental sample
For the experimental sample (n=120), ASD-risk status was
determined on the basis of the two-step M-CHAT-23STEP

1+F/U screening procedure involving completion of the M-
CHAT-23 questionnaire (step 1) and, as indicated, a
follow-up interview. This procedure yielded the best dis-
crimination of ASD-risk from non-ASD-risk.24,25,29 If the
follow-up interview was required, item scores were modi-
fied on the basis of the interview and a new total score was
recalculated.24,25,29 Nineteen children failed the M-
CHAT-23STEP 1 initially, although five children passed the
follow-up interview (indicating a ‘negative’ screen for

Early Social Responsiveness Tool for Autism Reina S Factor et al. 325
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ASD). Ultimately, 14 children screened positive for ASD
on the M-CHAT-23/F (n=14; final M-CHAT-23 score:
mean 7.9; SD 4.8, range 2–16). Thus, 14 children consti-
tuted the ASD-risk group for the experimental sample and
106 children constituted the non-ASD group.

Validation sample
For the validation sample (n=37), an ASD best-estimate
diagnosis was based on all-information-available from data
gathered across two research visits.28 The following infor-
mation was obtained during each visit: parental report of
developmental milestones, parental endorsement of ASD-
related concerns on a background questionnaire, the M-
CHAT-23 parent checklist (without follow-up interview),
standardized behavioral questionnaires (e.g. CSBS DP:
ITC), incidental behavioral observations made throughout
the child’s research visit, and behavioral observations dur-
ing the ESR assessment without knowledge of the pro-
posed cutoff score. Information from the Autism
Diagnostic Observation Schedule30,31 was also considered,
if available. Using a best-estimate, all-information-available
diagnosis, children were identified as ASD versus non-
ASD; these groups were used for data analyses. All
research staff who conducted the research visits held mas-
ter’s or PhD degrees, and worked regularly within an ASD
diagnostic clinic. The initial determination was made by
the assessment clinician and final determinations were con-
firmed independently by two PhD-level staff (OYO and
MJM) with ASD diagnostic expertise using all-
information-available across the two visits, yielding 97.3%
agreement. Final best-estimate ASD diagnosis discrepan-
cies (n=1) were resolved by a consensus meeting with all
research staff. For descriptive purposes only, designations
were given within the non-ASD category (developmental
delay [16.2% of total sample; n=6 on the basis of the
CSBS DP: ITC scores, report of developmental mile-
stones, the absence of ASD, and ultimately an all-
information-available clinical judgement], or typically
developing [54.1%; n=20]) and, for the ASD category,
severity of symptoms were rated as moderate (10.8%; n=4)
or severe (18.9%; n=7), based on all-information-available
clinical judgement.

Data analysis plan
The data analysis plan included examination of the follow-
ing measures within the experimental sample: means and
standard deviations of the ESR total score, the test–retest
correlation, internal consistency of the ESR items, the
intraclass correlation, and interrater reliability. Concurrent
validity was examined using correlation analysis among the
total scores from the ESR and M-CHAT-23, and the
CSBS DP: ITC social composite scaled score. Using the
experimental/training sample, a receiver operator curve
(ROC) analysis was performed to determine a potential
cutoff score for identifying ASD-risk, which was tested
subsequently in the validation/test sample.32 The ROC
analysis helps determine the best cutoff score for a

continuous measure (ESR) to match a categorical outcome
(ASD-risk vs non-ASD-risk). The curve is generated by
plotting sensitivity against 1 minus specificity for each
potential cutoff score. The cutoff is chosen by identifying
the score that corresponds to the highest sum of the sensi-
tivity plus specificity, thus choosing the cutoff score that
maximizes both.32 An area under the curve is also gener-
ated to describe the curve. On the basis of the ROC result,
multiple measures of accuracy were reported (e.g. sensitiv-
ity, specificity, PPV) for the experimental and validation
samples; where appropriate, a prevalence of 1 in 54 was
assumed for calculations (e.g. PPV).33 Further, for the vali-
dation sample, hierarchical regression analyses examined
the incremental validity of using the ESR measure in addi-
tion to parent report (M-CHAT-23STEP 1 and CSBS DP:
ITC social composite) to predict best-estimate diagnosis.
Dichotomized scores for each measure were examined in
the regression analysis (low vs moderate to high risk for
the M-CHAT-23STEP 1, and concern vs no concern for the
CSBS DP: ITC social composite).

Assuming α=0.05 and power=0.8, power analyses indi-
cated sample sizes for the ASD and non-ASD subgroups
were adequate. For the experimental/training sample, the
sample size required for the comparison of means was 63
(57 non-ASD and six ASD), assuming a difference of five
points, SD 4, and a 10:1 ratio for non-ASD to ASD. For
the ROC analysis, the required sample was 88 (80 non-
ASD and eight ASD), assuming an area under the curve of
0.8, a null value of 0.5, and a ratio of 10:1 non-ASD to
ASD. For moderate correlations (r=0.5), the required sam-
ple size was 29. Effect sizes from the experimental/training
sample were used in power analyses relevant to the valida-
tion/test sample. The sample size required for a compar-
ison of means was n=35 (27 non-ASD and eight ASD),
assuming a difference of 6.5 (SD 4.6 for non-ASD and SD
5.7 for ASD) and a ratio of 3.4:1 non-ASD to ASD. The
sample size required for the regression analysis was n=22,
assuming two test predictors, and a multiple partial corre-
lation of 0.63. SciStat (https://www.scistat.com/index.php;
MedCalc Software Ltd, Ostend, Belgium) and SPSS 27.0
(IBM, Armonk, NY, USA) were used to conduct power
analyses.

RESULTS
Examinations of means, standard deviations, and ranges
revealed a wide distribution of ESR scores and significant
subgroup mean differences within each sample. Analyses of
the experimental sample (n=120) revealed a mean of 8.6
(SD 5.1; 95% confidence interval [CI] 7.6–9.5; range 0–
24), whereas analysis of the validation sample revealed a
mean of 9.0 (SD 5.6; 95% CI 7.2–10.9; range 1–20) (Figs
1 and S2, online supporting information). A comparison of
subgroup means revealed significant differences between
subgroups for each sample. For the experimental sample,
the non-ASD group (n=106, mean 7.9, SD 4.6; 95% CI
7.0–8.8) had significantly lower scores than the ASD group
(n=14, mean 13.7, SD 5.9; 95% CI 10.9–16.8), t118=−4.3,

326 Developmental Medicine & Child Neurology 2022, 64: 323–330
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p<0.001. Similarly, for the validation sample, the non-ASD
group (n=26, mean 6.35, SD 3.5; 95% CI 4.9–7.7) had sig-
nificantly lower scores than the ASD group (n=11, mean
15.4, SD 4.1; 95% CI 12.7–18.2), t35=−6.8, p<0.001.

Reliability analyses revealed good psychometric proper-
ties of the ESR assessment. High test–retest values for the
ESR total score were found using Pearson correlation
(r=0.70, p<0.001; n=40) and an internal consistency analy-
sis yielded a high Cronbach’s alpha (22 items; α=0.79;
n=120) for the ESR item ratings (17 dichotomous behav-
ioral ratings and five dichotomous ease-of-engagement rat-
ings). Intraclass correlation was also calculated for the
experimental sample. All administrations of the ESR
assessment were completed by three assessors (MD, AMS,
CAM), and at least two of three raters co-coded the
administrations for 43 of 120 (35.8%) participants. Consid-
ering pairs of ratings from the three available raters, the
intraclass correlation coefficient estimates and their 95%
confident intervals were calculated using SPSS 27.0 on the
basis of a mean-rating (k=2), consistency, one-way
random-effects model: intraclass correlation coefficient
(1,2)=0.79 (95% CI=0.63–0.89). This estimate indicated
good reliability for the ESR total score.

Interrater reliability was examined for each pair of three
clinical research assistants across 20 co-coding sessions per
pair, yielding a mean percentage agreement of 0.92 (SD
0.02, range 0.68–1.00), for the experimental sample. A sim-
ilar percentage agreement was found for the validation
sample for pairs of raters across 14 co-coded assessments
(80.6% [SD 0.13]).

Correlation analyses revealed significant, moderate cor-
relations of the ESR with the M-CHAT-23/F total score

(Pearson correlation 0.41; 95% CI 0.20–0.60; p<0.001) and
the CSBS DP: ITC social composite scaled score (Pearson
correlation −0.23, 95% CI −0.39 to −0.06; p<0.01), sug-
gesting that each measure provides both shared and unique
information (Table S1, online supporting information).

Using the experimental sample, we completed a series of
ROC curve analyses that plotted sensitivity against 1 minus
specificity, using the ESR total score as a predictor of
ASD-risk status (Fig. 2). The ROC analyses included a
comparison of ASD-risk versus non-ASD groups (area
under the curve=0.781 [95% CI=0.643–0.919])32 and
yielded an optimal cutoff score of greater than or equal to
12, which corresponded to the highest sum between the
sensitivity and specificity scores.32 Using a cutoff score of
greater than or equal to 12, the sensitivity and specificity
are reported for both the experimental and validation
groups (Table 2). In addition, assuming an ASD prevalence
of 1 in 54,33 the PPV, negative predictive value, and accu-
racy values are reported (Table 2); these values are also
reported for each sample without consideration of the pop-
ulation prevalence, for comparison. Calculations revealed
generally high specificity (range 83.2–93.2), negative pre-
dictive value (range 96.0–99.8), and accuracy values (range
82.5–92.3), and moderate to high sensitivity (range 76.9–
90.9), but generally low PPV values (range 7.9–83.3).

To examine the performance of the ESR in conjunction
with parental report, hierarchical regression analysis was
completed with the validation sample. Results indicated
that ESR significantly improves prediction of ASD best-
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Figure 1: Means and 95% confidence intervals (CIs) for the early social
responsiveness (ESR) total score for the experimental and validation sam-
ples. Groups represented include non-ASD and ASD. For the experimental
sample, ASD-risk was determined; for the validation sample, best-
estimate ASD diagnosis was determined. The mean ESR score is signifi-
cantly different between the non-ASD and ASD groups (p<0.001) for both
the experimental and validation samples. Error bars depict the 95% CIs.
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Figure 2: Receiver operator curve (ROC) analysis for the early social
responsiveness (ESR) total score. The ROC analysis examined potential
cutoff scores for the ESR assessment total score. Values for sensitivity
versus 1 minus specificity were plotted to form the curve, yielding an
area under the curve=0.781. An optimal cutoff score of greater than or
equal to 12 was identified by determining the largest sum of sensitivity
plus specificity.
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estimate diagnosis, compared with parent report only. A
significant change in R2 was found when ESR was added
to separate regression models for the M-CHAT-23STEP 1

(R2
change=F1,33=17.82, p<0.001) and the CSBS DP: ITC

social composite (R2
change=F1,33=30.63, p<0.001) (Table S2,

online supporting information). Further analyses revealed
that the combination of parent report and ESR measures
resulted in higher classification accuracy of ASD best-
estimate diagnosis. Notable improvements were observed
in specificity and PPV for the combination of ESR and M-
CHAT-23STEP 1 (specificity changed from 92.3 to 100.0,
PPV changed from 81.8 to 100.0 and 16.7 to 100.0 when
considering the sample only and the population prevalence,
respectively). Improvements in specificity were found for
the ESR and CSBS DP: ITC social composite combination
(specificity changed from 76.9 to 96.2); changes in PPV
were also observed (PPV changed from 60.0 to 90.0 and
from 6.3 to 28.6 when considering the sample only and the
population prevalence, respectively; Table 2).

DISCUSSION
The results of this study support the premise that ESR
observations can provide critical information for determin-
ing ASD status for 13- to 24-month-old infants and tod-
dlers. Our preliminary results suggest that brief,
standardized observations of infants and toddlers during
common play activities yield a reliable, stable metric for
assessing ESR and may assist in identifying ASD status in
infants and young children. Using an ROC-derived ESR
cutoff score, our results suggest that a single score can dis-
criminate children with and without a best-estimate diag-
nosis of ASD. The proposed cutoff score (≥12) yielded
high specificity (range 83.2–93.2) within the validation
sample, suggesting that a brief ESR assessment can reliably
identify ‘true negatives,’ or children without ASD. Simi-
larly, the high negative predictive value (range 96.0–99.8)
revealed that when the ESR cutoff was not met, a child has
a high probability of not having a best-estimate diagnosis
of ASD. Thus, a brief ESR assessment could provide a
critical source of information for professionals who seek to
avoid over-identification of ASD.

Regarding sensitivity, or the ability to identify true posi-
tives, the proposed ESR cutoff scores yielded moderate to
high sensitivity values (range 76.9–90.9). In contrast, the
PPV was low when considering only the ESR measure;
thus caution might be needed if using ESR without an
additional indicator, such as parental report. Using hierar-
chal regression analysis, we were able to examine the utility
of combining a parent report measure with ESR. Results
showed ESR significantly improves prediction of ASD sta-
tus compared with parent report only. The results suggest
that the ESR may be particularly effective in conjunction
with parent report using the M-CHAT-23 questionnaire
initial score (step 1), as this combination increased the
specificity and the PPV substantially (Table 2). Improve-
ments in specificity and PPV were also found for the com-
bination of the CSBS DP: ITC social composite and ESR,Ta
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although not to the same level. If findings are replicated,
the ESR measure could complement other sources of
information. Thus, these results support gathering infor-
mation from multiple sources (e.g. observation, parent
report) when identifying ASD status, which mirrors clinical
best practices.

This work directly addresses the need for brief ASD
assessments, outlined by the Centers for Disease Control
and Prevention and the American Academy of Pedi-
atrics.33,34 The American Academy of Pediatrics recom-
mends pediatricians screen all infants and toddlers for
ASD, initially at 18 months and again at 24 months, dur-
ing well checkups.34 Recent work suggested that ASD
diagnoses can be stable before 18 months of age, which
highlights the need to assess ESR early in life.35 Taking a
more conservative stance, the US Preventive Services Task
Force advocates for ASD screening, but secondary to par-
ent or clinician concerns, given the finding that population
screeners can over-identify ASD-risk.36 Despite these rec-
ommendations, historically only about 8% of pediatricians
report routine screening, despite increasing pressure to do
so.37–39

Benefits of this ESR assessment include the assessment’s
brevity, standardized administration, use of commonly
available materials (a ball and a book), and reliance on a
single score that can be quickly calculated. Thus, the
assessment might be easily incorporated into other screen-
ing or assessment protocols and provide both quantitative
and qualitative information about social behavior that can-
not be obtained from parent report questionnaires alone or
provide a method for repeated screening during early
development. The ESR was developed with clinicians,
including pediatricians, in mind, as it requires no specific
training other than practicing the standard prompts. The
17 behavior items scored during task administration
require a determination of the presence or absence of dis-
crete behaviors after a specific prompt, but also provide a
global ease-of-social-interaction rating and a rich amount
of information quickly.

Although not tested directly in this study, the ESR
assessment could provide a means for shared observation
of child behaviors of concern between a parent and clini-
cian, possibly leading to a shared conversation about the
level of concern about ASD and the need for monitoring,
referral, and/or treatment. This mutual understanding is
often lacking between parents and clinicians/pediatricians,
which might be improved through shared observations,
which also allows parents to bring up additional con-
cerns.38 Further, the use of standardized, observational
methods for assessing ESR behavior may improve profes-
sionals’ acute awareness of early ASD social differences
and provide a means for distinguishing ASD symptoms
from typical early variation in social development. Future
studies focused on quality of healthcare delivery could
examine how structured behavioral observations of ESR
increase clinician/pediatrician confidence in decision-

making or impact parent’s perceptions of service. Examin-
ing how repeated assessments of ESR at multiple well-
baby visits impact ASD referrals and diagnosis will also
add to the future findings. Recent questions about the util-
ity of existing screeners that rely only on parental report
leave room for interactive, observational screeners, such as
the ESR assessment, as an additional source of information
when examining early social behavior.39 Further tests of
the feasibility of using this assessment in medical settings
and for pediatricians to employ and score is needed in
future work.

Several limitations exist that could be addressed in future
studies. First, relying on the M-CHAT-23/F two-step
screening for the experimental/training sample allowed an
estimate of outcome for a relatively large group of chil-
dren, but did not provide the final definitive outcome.
However, the cutoff score derived from using this method
did translate well to a clinical sample (the validation/test
sample), which mirrored a clinic setting where parents pre-
sented with or without a priori ASD concerns. Future
studies require larger sample sizes and larger resources; to
overcome these barriers, mobile or online data capture sys-
tems for both the screening and the best-estimate diagnos-
tic outcomes might be used.40 Second, the difference in
training and testing group sizes is a limitation that could
be overcome with careful infrastructure planning and
resources needed for a prospective study. Third, compar-
ison with more comprehensive ASD screening or assess-
ment outcome measures, longitudinal follow-up, and
investigation of interrater reliability within a pediatrician’s
office setting would provide additional validity indicators.
Finally, future studies should incorporate the latest version
of the M-CHAT series (M-CHAT-R/F comprising 20
items and a follow-up interview).

Although these preliminary results indicate the ESR
assessment is a reliable measure to help identify ASD sta-
tus, future studies should examine larger samples, including
those known to be at genetic or other risk for ASD (e.g.
Down syndrome, fragile X, 22q11.2 deletion syndrome,
infants born preterm), as well as longitudinal analyses.
Tracking development might yield an ESR ‘growth curve’
to increase the precision of the ESR assessment in identify-
ing risk or a change in the developmental trajectory. In
sum, we present preliminary evidence that the ESR assess-
ment deserves further study as it might provide a rapid,
effective method for early pediatric assessment for atypical
social responsiveness and consideration of ASD-risk, lead-
ing to earlier awareness, intervention, and improved devel-
opmental outcomes.
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The following additional material may be found online:

Figure S1: Early social responsiveness (task administration).
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Table S1: Assessment results

Table S2: Hierarchical multiple regression for ASD diagnosis

for the validation sample (n=37)
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DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

DESARROLLO DE UNA HERRAMIENTA INTERACTIVA DE RESPUESTA SOCIAL TEMPRANA PARA RASTREAR EL RIESGO DE AUTISMO
EN BEB�ES Y NI~NOS PEQUE~NOS

OBJETIVO
Este estudio preliminar retrospectivo evalu�o las propiedades psicom�etricas de una evaluaci�on de 4 minutos dise~nada para identifi-

car el estado del trastorno del espectro autista (TEA) temprano a trav�es de la evaluaci�on de la capacidad de respuesta social tem-

prana (RST).

M�ETODO
El estudio incluy�o a ni~nos de entre 13 y 24 meses (78 varones, 79 mujeres con una edad media de 19,4 meses, DE 3,1) de dos con-

juntos de datos independientes (una muestra experimental / de entrenamiento [n = 120] y una muestra de validaci�on / prueba [n =

37 ]). La evaluaci�on de RST examin�o los comportamientos sociales (por ejemplo, contacto visual, sonre�ır, facilidad de participaci�on

social) en cinco actividades de juego comunes (por ejemplo, hacer rodar una pelota, mirar un libro). Los an�alisis de datos exami-

naron la confiabilidad y precisi�on de la evaluaci�on para identificar las habilidades de RST y para discriminar a los ni~nos con y sin

TEA.

RESULTADOS
Los resultados indicaron una adecuada consistencia interna y confiabilidad prueba-reprueba de la Evaluaci�on de RST. El an�alisis

de la curva del operador del receptor identific�o una puntuaci�on de corte que discriminaba beb�es con riesgo de TEA de sus com-

pa~neros en la muestra de entrenamiento. Esta puntuaci�on arroj�o una moderada Sensibilidad y alta especificidad para el diag-

n�ostico de TEA ,mejor estimado en la muestra de validaci�on.

INTERPRETACI�ON
Los hallazgos preliminares indicaron que la observaci�on breve y sistem�atica de la RST puede ayudar a discriminar a los beb�es con

y sin TEA, proporcionando evidencia concreta para validar o complementar las preocupaciones de los padres, pediatras o m�edi-

cos. Los estudios futuros podr�ıan examinar la utilidad de las "curvas de crecimiento" de la RST.

DESENVOLVIMENTO DE UMA FERRAMENTA INTERATIVA DE RESPONSIVIDADE SOCIAL PRECOCE PARA RASTREAR O RISCO DE
AUTISMO EM LACTENTES E CRIANC�AS PEQUENAS

OBJETIVO
Este estudo preliminar e retrospectivo avaliou as propriedades psicom�etricas de uma avaliac�~ao de 4 minutos projetada para identi-

ficar o status precoce do transtorno do espectro autista (TEA) por meio da avaliac�~ao da responsividade social precoce (RSP).

M�ETODO
O estudo incluiu crianc�as entre 13 e 24 meses (78 do sexo masculino, 79 do sexo feminino com idade m�edia de 19,4 meses, DP

3,1) de dois conjuntos de dados independentes (uma amostra experimental/treinamento [n=120] e uma amostra de validac�~ao/teste
[n=37 ]). A avaliac�~ao da RSP examinou comportamentos sociais (por exemplo, contato visual, sorriso, facilidade de envolvimento

social) em cinco atividades l�udicas comuns (por exemplo, rolar uma bola, olhar um livro). A an�alise dos dados examinou a confia-

bilidade e a precis~ao da avaliac�~ao na identificac�~ao das habilidades de RSP e na discriminac�~ao de crianc�as com e sem TEA.

RESULADOS
Os resultados indicaram consistência interna adequada e confiabilidade teste-reteste da avaliac�~ao da RSP. A an�alise da curva do

operador receptor identificou uma pontuac�~ao de corte que discriminou bebês com risco de TEA de pares na amostra de treina-

mento. Esta pontuac�~ao rendeu moderada sensibilidade e alta especificidade para melhor estimar o diagn�ostico de TEA na amostra

de validac�~ao.
INTERPRETATION
Achados preliminares indicaram que a observac�~ao breve e sistem�atica da RSP pode auxiliar na discriminac�~ao de bebês com e

sem TEA, fornecendo evidências concretas para validar ou complementar as preocupac�~oes dos pais, pediatras ou m�edicos. Estu-

dos futuros podem examinar a utilidade de "curvas de crescimento" da RSP.
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