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ABSTRACT 

The purpose of the present study is to examine the utility of the Systematic Observation of Red 

Flags (SORF; Dow et al., 2016) as a level 2 screener for autism spectrum disorder (ASD) in 

toddlers when applied to a naturalistic video-recorded home observation. Psychometric 

properties of the SORF Home were examined in a sample of 228 participants (84 with ASD, 82 

developmental delayed, 62 typically developing). Individual items were examined for 

performance and an algorithm was created with improved sensitivity and specificity, yielding a 

total Composite score comprised of six items: Poor eye gaze directed to faces, Limited showing 

and pointing, Limited coordination of nonverbal communication, Less interest in people than 

objects, Repetitive use of objects, and Excessive interest in particular objects, actions, or 

activities. A Total score of the sum of all items was computed, and codes indicating clear 

symptom presence were collapsed to yield a count of the Number of Red Flags (RF). RF scores 

and Domain Total scores were also examined for each ASD symptom domain. The Composite 

provides the briefest measure with optimal performance, while the RF may be preferable for 

clinicians who are interested in the presence of a full range of clinically significant symptoms. 

The SORF Home provides a practical alternative to currently available screening methods, 

demonstrating efficacy when administered by non-experts and applied to a naturalistic setting in 

a diverse primary care sample.
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INTRODUCTION 

Recent prevalence estimates indicate that 1 in every 59 children in the United States is 

diagnosed with autism spectrum disorder (ASD; Baio et al., 2018), a neurodevelopmental 

disorder characterized by social communication deficits and restricted and repetitive behaviors. 

While the American Academy of Pediatrics recommends universal ASD screening for all 

children in primary care settings at 18 and 24 months to improve early detection (Johnson & 

Myers, 2007), some have expressed skepticism in routinizing this practice due to the lack of 

effective screening tools available (Al-Qabandi, Gorter & Rosenbaum, 2007; Campos-Outcalt, 

2011, Siu et al., 2016). In spite of this, current evidence supports the importance of beginning 

intervention in early childhood to reduce symptom severity and impairment (Dawson et al., 

2010; Wetherby et al., 2014), with earlier services leading to more positive outcomes (Harris & 

Handleman, 2000; Granpeesheh et al., 2009; Guthrie et al., 2016). In order to allow timely 

initiation of intervention, improved screening tools are needed that not only effectively identify 

children at risk, but also offer increased feasibility for widespread use across community 

settings. 

Several barriers to implementation of routine ASD screening exist. Commonly reported 

challenges include time and resource constraints, difficulty obtaining responses on caregiver 

questionnaires, and failure to complete necessary follow-up with families that screen positively 

for concern (Daniels et al., 2014). Despite evidence that diagnoses are reliable at 18 to 24 months 

of age (Chawarska et al., 2007; Guthrie et al., 2013), the median age of first diagnosis in the 

United States remains at approximately 4 ½ years (Baio, 2018), with longer delays and lower 

rates of diagnosis for non-White children, those with lower socioeconomic status, and those 

living in low-resource areas (Daniels & Mandell, 2013). Lack of effective screening delays 
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diagnosis for all children with ASD, with children from disadvantaged groups disproportionally 

affected. 

ASD Screening and Diagnostic Evaluation 

Despite challenges to widespread implementation, several ASD-specific screeners have 

been developed and evaluated in community samples (see Zwaigenbaum et al., 2015 for a 

complete review). Screening tools for ASD detection fall into two levels, based on the method 

and target population. Broadband and ASD-specific level 1 screeners are intended for all 

children in primary care settings, regardless of risk. Caregiver-report questionnaires are generally 

indicated for this type of screening. Because of their widespread use, they should be brief, easy 

to complete, and should not require substantial staff time or expertise to score or interpret. Level 

2 screeners are intended only for children at increased risk for ASD based on the level 1 

screening result or other risk factors. Level 2 screeners often utilize trained individuals to assess 

a child’s behavior with standardized or systematic observational techniques. Though some ASD-

specific knowledge is needed, level 2 screeners should require substantially less staff time and 

training compared to a full diagnostic evaluation. Alternatively, diagnostic evaluations using 

gold standard tools require extensive training and resources to complete, and consequently may 

have high out-of-pocket expenses and long waiting lists for families to access; therefore, they are 

not recommended unless a child exhibits ASD-specific concerns. 

Level 1 Screening Measures with Follow-Up Procedures 

Two of the most widely used level 1 screening measures, the Modified Checklist for 

Autism in Toddlers (M-CHAT; Robins et al., 2001; Kleinman et al., 2008) and the 

Communication and Symbolic Behavior Scales Infant Toddler Checklist (ITC; Wetherby & 

Prizant, 2002), provide not only an initial indication of ASD risk in primary care settings, but 
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both also offer follow-up options for children whose scores indicate increased risk. The  

M-CHAT is a level 1 caregiver-report questionnaire, revised from the original version, the 

CHAT (Baron-Cohen et al., 1996). The M-CHAT Revised with Follow-Up (M-CHAT-R/F; 

Robins et al., 2014) is the most recent version, which provides a protocol to reduce false 

positives, requiring phone or in-person screening for children with moderate levels of concern 

(Robins et al., 2014). Though the M-CHAT is considered to be a valid tool for both level 1 and 

level 2 when used with follow-up (Zwaigenbaum et al., 2015), evidence suggests that it results in 

a low rate of ASD detection. Even with the follow-up screening completed in primary care, the 

positive predictive value (PPV) remains low (PPV = 0.475), identifying a rate of only 1 in 149 

(Robins et al., 2014). This is especially true for younger children, as the M-CHAT identified 

only 34.7% of 18-month-olds in a general population sample who were later diagnosed with 

ASD (Stenberg et al., 2014). Younger toddlers (i.e., under 20 months) also have higher item 

failure rates than older toddlers, suggesting that having the same items and scoring throughout 

the target age range may not be the best approach for detecting risk for ASD in the youngest 

children (Sturner et al., 2017). Additionally, children accurately detected with the M-CHAT-R/F 

have significant developmental delays on average (i.e., Mullen Scales of Early Learning scores 

over two standard deviations below the mean; Robins et al., 2014), suggesting that it may not 

detect higher-functioning children with ASD as effectively.  

The ITC is a broadband level 1 caregiver questionnaire that screens for social 

communication deficits. Though it does not screen specifically for ASD, it detects children with 

increased risk for social communication concerns to be referred for a follow-up evaluation using 

the Communication and Symbolic Behavior Scales Behavior Sample (CSBS; Wetherby & 

Prizant, 2002). The ITC combined with the CSBS Behavior Sample detected 60 cases of ASD 
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out of 5385 children screened (i.e., 1 in 90 children; Wetherby et al., 2008), consistent with 

prevalence rates at the time of the study (i.e., 1 in 88 children). While this protocol provides an 

effective method of early detection, the limited practicality of families completing the follow-up 

CSBS evaluation reduces feasibility for widespread use. More research on these tools and 

improved level 1 parent report measures are needed; however, follow-up procedures that could 

potentially replace the level 2 screening step are not optimal in community settings. 

Level 2 Screening Measures 

There are currently two level 2 ASD screening tools available that have been empirically 

validated in large community samples: the Screening Tool for Autism in Toddlers and Young 

Children (STAT; Stone et al., 2000, 2004) and the Systematic Observation of Red Flags of 

Autism (SORF; Wetherby et al., 2004; Dow et al, 2016). While other measures have been 

developed and have shown promising results (Dix et al., 2015; Choueiri & Wagner, 2015), they 

have not yet been tested in large enough community samples to evaluate their utility. One study 

showed that even when licensed psychologists who were experts in early child development and 

ASD rated select brief segments of the ADOS using a short observational screening measure, 

they were not able to effectively detect risk in toddlers and missed 39% of those with ASD 

(Gabrielsen et al., 2015). While several measures have been developed, the STAT and SORF are 

currently the only observational measures with promising evidence to support their utility as 

level 2 screeners. 

The STAT is an observational screening measure that was developed to assess children 

24-36 months of age. When examined in a sample of children within this age group with 

considerable cognitive impairment (e.g., ASD group: mean mental age=16.1 months, mean 

chronological age=28.5 months), the STAT demonstrates good discrimination between children 
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with ASD and other developmental delays with sufficient sensitivity, specificity, positive 

predictive value, and negative predictive value (Stone et al., 2004). An exploratory study (Stone, 

McMahon, & Henderson, 2008) further examined use of the STAT in a small sample (N=71) of 

younger high-risk children (i.e., siblings of children with ASD and children referred for ASD 

concerns) under 24 months. Though results revealed good sensitivity and specificity, false 

positives were common, even when the youngest children were excluded from the sample. 

Further study in a large community sample is needed to determine the validity of the STAT for 

this age group. In addition, the STAT is administered by college-educated professionals that 

have received training in administration and scoring to ensure proper administration and 

interpretation, further limiting its feasibility for implementation in community settings. 

The SORF is an observational measure that was first created with 29 items derived from 

DSM-IV diagnostic criteria and research on young children with ASD (Wetherby et al., 2004). 

Items were revised or removed based on initial research findings, and new items were added to 

capture additional behaviors and align with DSM-5 criteria. The current version of the SORF has 

22 items and has been validated for use with the CSBS Behavior Sample (i.e., the SORF Clinic) 

in a large community-based sample (N=247; Dow et al., 2016), with results indicating good 

discrimination, sensitivity, specificity, and positive and negative predictive values between ASD 

and nonspectrum (i.e., developmentally delayed and typically developing) groups. The CSBS 

Behavior Sample is often utilized for children with suspected language or social communication 

delays in clinic settings, allowing for the SORF Clinic to be coded without requiring an 

additional evaluation. However, because many children with developmental concerns will not 

receive a clinic evaluation, feasibility in this context is limited.  

  



 
	  

	  
	  

6	  

Level 2 Screening Opportunities in the Home Context 

The home context offers an ideal setting for administering screening measures, as it 

provides accessibility to services for families regardless of their participation in scheduled 

clinical evaluations. Observing a child’s behavior in this naturalistic setting gives a 

representative view of the child during everyday activities in a familiar environment that would 

not otherwise be accessible to practitioners and can be pivotal to building consensus with 

families on the early signs of ASD. Child behavior can be assessed in the home not only through 

in-person visits, but also remotely through the use of video-recorded observations, maximizing 

opportunities for evaluation while reducing required cost, resources, and burden on families.  

In-person home visits are often used for screening and preventative services, both to 

determine eligibility for federally funded intervention programs through Part C of the Individuals 

with Disabilities Education Act (IDEA) and for families with increased risk factors from birth 

(e.g., low socioeconomic status, maternal depression, risk for abuse or neglect). Because 

underserved populations are less likely to receive early intervention services due to limited 

resources and increased stressors, this is a group to prioritize for developmental monitoring. 

Approximately 75 percent of home intervention programs serve children birth to age 3 (Sweet & 

Appelbaum, 2004), consistent with the recommended timing for screening and diagnosis of 

ASD. Utilizing this resource could improve the age and rate of detection, especially for at-risk, 

low resource families, without adding substantial burden to the system.  

In addition to in-person home visits, the use of telehealth technology in developmental 

monitoring may provide additional opportunities to assess risk in families when a home visit is 

not feasible or desired. Technological equipment (e.g., cameras, laptops) can be made accessible 

to families without substantial cost, and video recordings can be taken by the family themselves 
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or the child’s behavior can be viewed via a live streaming video system. These methods may be 

especially convenient and desirable to families, as they allow participation in screening without 

invasive evaluations.   

Purpose of the Current Study 

The purpose of this study is to examine the psychometric properties of the SORF when used 

in a naturalistic home context during everyday activities. In order to do this, we (1) examined 

diagnostic group differences and item-level performance to create an algorithm with the best-

performing SORF items, and (2) examined sensitivity, specificity, positive and negative predictive 

values, and appropriate cutoff scores for the SORF when used as a level 2 screener for ASD in 18–24 

month old toddlers during a home observation and when coded by individuals who are not experts in 

ASD. The ultimate goal of this study is to create an effective measure that does not require extensive 

training or ASD-specific knowledge in order to improve community-viable screening options 

accessible to more families, potentially decreasing the age of diagnosis. 
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METHODS 

Participants 

This study included toddlers evaluated at Florida State University by the FIRST 

WORDS® Project, a longitudinal, prospective study investigating early detection of ASD and 

other communication disorders. Parents completed the ITC in primary care settings between 9 

and 24 months of age and were referred for a communication evaluation if their child scored in 

the bottom 10th percentile or if parents reported that they had concerns about their child’s 

development. A small proportion of children were also referred to the FIRST WORDS® Project 

directly because of parental or professional concern. These parents completed the ITC prior to or 

during their initial appointment. The sample was randomly selected, stratified by race to 

optimally represent minority groups according to the demographic makeup in the area (i.e., 62% 

White, 16% Hispanic, 13% Black, 7% Biracial, 2% Asian) from a sample of children who had a 

video-recorded home observation and a diagnostic evaluation for ASD between 18 and 24 

months. If more than one home observation and/or diagnostic evaluation was completed within 

this age range, the earliest was used. Participant characteristics are presented in Table 1. There 

were 228 children included (84 ASD, 82 DD, 62 TD) with a mean age between 20 and 21 

months in all three diagnostic groups. Groups were well matched for age and racial group 

membership, though group differences were present for sex, ethnicity, and maternal education. 

Informed consent was obtained from all parents and the study was conducted in accordance with 

the Florida State University Institutional Review Board. 

Diagnostic Procedures and Measures 

Diagnostic Procedures. A best estimate clinical diagnosis of ASD, developmental delay 

(DD), or typical development (TD) was determined based on evidence from the ADOS–Toddler 
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Module (ADOS-T; Lord et al., 2012), Mullen Scales of Early Learning (MSEL; Mullen, 1995), 

Vineland Adaptive Behavior Scale–Second Edition (VABS-II; Sparrow et al., 2004), video-

recorded home observation, and a parent-report questionnaire, the Early Screening for Autism 

and Communication Disorders (ESAC). Children were given a best estimate diagnosis of ASD if 

they demonstrated clinically significant symptoms consistent with DSM-5 criteria. Children were 

classified as DD if clinically significant ASD symptoms were not present and MSEL scores were 

in the delayed range (i.e., T score<38 on any subscale or 1.25 SDs below the mean), and TD if 

clinically significant ASD symptoms were not present and DD was not present (i.e., T score≥38 

on every MSEL subscale). A conservative cutoff of 1.25 SDs below the mean was selected, as 

used in previous research on a similarly high-functioning community sample (Guthrie et al., 

2013). The DD group was comprised of a majority (53.7%) of children with receptive and/or 

expressive language delay, as well as children with nonverbal or global delays. Diagnostic 

evaluation characteristics are provided in Table 2.  

 ASD Clinical Assessment. Autism symptoms were assessed in the clinic using the 

ADOS–T, a semi-structured, standardized assessment of communication, social interaction, and 

restricted and repetitive behaviors for toddlers. The measure provides symptom domain scores 

(i.e., Social Affect, Restricted and Repetitive Behaviors) and a total score, with cutoffs reflecting 

“little-to-no concern,” “mild-to-moderate concern,” and “moderate-to-severe concern” for ASD. 

Calibrated severity scores for the Toddler module (Esler et al., 2015) were used to estimate ASD 

symptom severity, as they provide a consistent measure regardless of the child’s age range and 

language level.  

Home Observation. In addition to the ADOS-T, parents were asked to video-record a 

one-hour home observation to provide an opportunity for diagnosticians to observe symptoms 
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across contexts. A videographer was present to record the observation and was instructed not to 

interact with the child or give feedback about the child’s behavior. Parents were given written 

instructions (see Appendix C) and verbal instructions over the phone initially and again in-

person during the visit. They were asked to interact with their child during a variety of everyday 

activities, with examples given in the categories of Play with People, Play with Toys, Meals and 

Snacks, Caregiving, Family Chores, and Book Sharing. Parents were encouraged to participate in 

activities that happen regularly in the home, and if possible, to spend 5 to 10 minutes on 

activities within each of the suggested categories; they were reminded to switch activities during 

the video recording if they had spent 10 minutes or more on one activity. If more than one parent 

was interested in participating in the video, parents were asked to take turns so only one was 

trying to engage the child at a time. Siblings, other family members, and close friends were also 

allowed to be present during the video to the extent that it was representative of the child’s 

everyday environment.  

Parent Report of Symptoms. Diagnosticians also reviewed an ASD-specific parent-report 

questionnaire, the Early Screening for Autism and Communication Disorders (ESAC), to gain 

information based on parent report of ASD symptoms. Preliminary results provide strong support 

for the validity of the ESAC as an autism-specific level 1 screener (Wetherby et al., 2015). 

Developmental Level. The MSEL was used as a standardized assessment of cognitive 

functioning, yielding standard scores for overall developmental level (e.g., the Early Learning 

Composite) as well as individual subscales: Visual Reception, Fine and Gross Motor skills, and 

Expressive and Receptive Language. Because of the substantial proportion of children who 

received a T-score of 20 (i.e., the floor) on one or more subtests, developmental quotients (DQs) 

were also calculated, as recommended to provide a familiar IQ measure while avoiding possible 
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floor effects (Munson et al., 2008). DQs were calculated by first dividing the age equivalent for 

each subscale by the child’s chronological age and multiplying by 100; nonverbal DQ was then 

derived by averaging the visual reception and fine motor skills subscales, and verbal DQ was 

derived by averaging the expressive and receptive language subscales. Analysis of variance 

results revealed that the ASD and DD groups did not differ significantly on nonverbal DQ 

(F=41.93, p=.14), indicating that differences between these diagnostic groups are not accounted 

for by cognitive level alone. 

Adaptive Behavior. The VABS-II is a caregiver interview that measures adaptive 

functioning using a standard score, the Adaptive Behavior Composite, which combines four 

domain scores: Communication, Daily Living, Social, and Motor Skills. 

SORF Coding System. 

The SORF is an observational coding system designed to detect red flags for ASD in 

toddlers based on DSM-5 diagnostic criteria. The SORF Clinic has been validated for use with 

the CSBS Behavior Sample (Dow et al., 2016), with recommended cut-off summary scores and 

number of red flags for use in that context to indicate a child’s risk for ASD. Twenty-two items 

are currently included on the SORF, with 11 items in each of the two DSM-5 symptom 

domains—Social Communication (SC) and Restricted Repetitive Behaviors (RRB). Behaviors 

are coded using a 0-3 graded response system, with 0 indicating an absence of relevant concern 

and 3 indicating the greatest level of severity or concern.  

Coding Procedures and Inter-Rater Reliability 

Undergraduate research assistants blind to diagnostic classification first completed 

training through the Autism Navigator for Primary Care, a web-based course on the early signs 

of ASD with video illustrations of toddlers with ASD, which takes approximately 8 hours to 
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complete. They also received training on the SORF coding system through individual practice 

with feedback and consensus coding. Coders who were previously reliable on the SORF coding 

using the CSBS Behavior Sample also achieved subsequent reliability for the home observation. 

Coder reliability was established with the completion of 15 training videos, with 80% reliability 

per video required for at least 12 videos (i.e., 80% of the videos). Fifteen percent of the video-

recorded home observations included in this study were scored by two coders to determine inter-

rater reliability. Reliability was measured using intraclass correlation (ICC) generalizability (g) 

coefficients, which are used when assessing interrater agreement for measurement of continuous 

clinical outcomes (Cicchetti, 1994). Results indicated excellent reliability, with g coefficients of 

.75 for both the Composite items and the number of RF items (Cicchetti & Sparrow, 1981). All 

coders reached reliability. 

Statistical Analysis 
 

Item-Level Analysis. Individual items were examined using one-way ANOVA models to 

determine whether specific behaviors differentiate children with ASD from the nonspectrum 

groups (DD and TD). Effect sizes were also calculated using Cohen’s d to reflect the size of 

diagnostic group differences (i.e., 0.2 = small, 0.5 = medium, 0.8 = large; Cohen, 1988). 

ROC curve analyses were conducted to provide information regarding each item’s ability 

to discriminate the ASD and nonspectrum children, with participants in the DD and TD groups 

combined to form one nonspectrum group. The ROC curve plots the “true positive” rate (i.e. the 

proportion of children with ASD who are correctly identified), or sensitivity, against the “false 

positive” rate (i.e. the proportion of children who are identified incorrectly as having ASD) 

across the full range of cutoff scores. Specificity indicates the proportion of children without 

ASD who are correctly identified as not at risk (“true negatives”). Area under the curve (AUC) 
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was examined to determine the strength of discrimination between groups for each item, ranging 

from 0.5 denoting that no discrimination exists to 1.0 denoting perfect discrimination (Swets, 

1988).  

Summary Score Creation and Analysis. Scores from items that demonstrated optimal 

performance in discriminating groups based on ANOVA and ROC curve results were added 

together to create a total Composite score. A Total score included the sums of all 22 items, and 

scores from items indicating clear symptom presence (i.e., score of 2 or 3) were collapsed to 

yield a count of the Number of Red Flags (RF). The 11 SC and 11 RRB items were included in 

separate domain RF symptom counts, and the total of all item scores within each domain made 

up the SC and RRB Domain scores.  

The Composite, Total, RF, SC and RRB Domain scores, and SC and RRB RF scores 

were examined for performance using one-way ANOVA models and ROC curve analyses. The 

optimal cutoff scores were determined by prioritizing sensitivity while maintaining an adequate 

level of specificity to maximize accurate detection of children with ASD while minimizing 

identification of children without. Positive predictive value (PPV) and negative predictive value 

(NPV) were also calculated using optimal cutoffs for each summary score. PPV is the probability 

that children with a positive screen were diagnosed with ASD, while NPV is the probability that 

children with a negative screen were not diagnosed with ASD.  

Because the video-recorded home observation was used for both SORF coding and as a 

component of the diagnostic evaluation procedures, a supplemental analysis was completed 

using the ADOS-T concern classification to examine whether SORF measures were conflated in 

predicting diagnostic group. ROC curve analyses were conducted on all SORF summary scores 

to measure discrimination between children who fell in the moderate-to-severe level of concern 
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on the ADOS-T (indicating a high likelihood of clinically significant ASD symptoms) versus 

children who fell in either the little-to-no concern or mild-to-moderate concern categories. The 

video-recorded home observation was viewed as part of the diagnostic evaluation after the 

ADOS-T administration was completed, ensuring that ADOS scores were not biased from 

behaviors exhibited in the home. 
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RESULTS 

Power Analysis 

 A post-hoc statistical power analysis was completed to determine achieved power for 

both analyses. With the final sample size of 228 children and an alpha of .05, statistical power 

was .93 for the ANOVA analysis and .85 for the ROC curve analysis, suggesting sufficient 

power achieved based on a .80 standard for adequacy.  

Item Level Analysis 

Item-level analysis results are reported in Table 3 and revealed significant group 

differences for 12 of 22 items (8 SC and 4 RRB), with the ASD group showing higher scores 

than at least one nonspectrum group. Six of these items discriminated between ASD and both 

nonspectrum groups: Poor eye gaze directed to faces, Limited gestures - showing and pointing, 

Limited coordination of nonverbal communication, Less interest in people than objects, 

Repetitive movements of objects, and Excessive interest in particular objects, actions, or 

activities. A statistical group difference was observed between ASD-DD groups but not ASD-TD 

groups for Limited sharing warm, joyful expressions, though the difference between ASD-TD 

was trending significance (p=0.07). Statistical group differences were observed between ASD-

TD groups but not ASD-DD groups for Limited sharing interests and enjoyment, Limited use of 

consonant sounds in vocal communication, Repetitive movements or posturing of body, and 

Repetitive speech or intonation (though the ASD-DD group difference was trending significance 

at p=0.06). The remaining 11 items did not significantly differ between either ASD-DD or ASD-

TD in this context. Ten items (6 SC and 4 RRB) demonstrated medium to large effect sizes (i.e., 

d≥0.5) between ASD and at least one nonspectrum group, and 4 items (all SC) demonstrated 

medium to large effects sizes between ASD and both nonspectrum groups. Item-level 



 
	  

	  
	  

16	  

performance was also examined using ROC curve analyses (see Table 4 for results). Twelve of 

the 22 items had statistically significant AUC values; ten of these items demonstrated individual 

AUC values of at least .60. 

The six items with significant group differences between ASD and both nonspectrum 

diagnostic groups and AUC values of at least .60 were included in an algorithm used to compute 

the Composite score, providing a continuous measure of ASD severity. Composite items include 

Poor eye gaze directed to faces, Limited gestures - showing and pointing, Limited coordination 

of nonverbal communication, Less interest in people than objects, Repetitive movements of 

objects, and Excessive interest in particular objects, actions, or activities. Because the intended 

purpose of the RF scores is to provide diagnostically useful information about clinically 

significant behaviors, all 22 items were included in these scales. Including all items in the RF 

scales improved sensitivity and specificity compared to including only algorithm items with 

clinically significant severity scores. 

Summary Score Analyses 
 

ANOVA results (see Table 3) revealed significant differences between the ASD and 

nonspectrum groups for the Composite, Total, RF, SC Domain, SC RF, RRB Domain, and RRB 

RF scores. Larger overall mean group differences and effect sizes were observed for the SC 

scores compared to RRB scores. ROC curve analyses revealed that the Composite score provided 

good discrimination (see Figure 1; Table 4) between the ASD and nonspectrum groups 

(AUC=.81). The optimal cutoff for the Composite score was 5, with a sensitivity of .77, 

specificity of .72, positive predictive value (PPV) of .62 and negative predictive value (NPV) of 

.84. The Total score showed slightly lower discrimination (AUC=.79), with sensitivity of .70, 

sensitivity of .67, PPV of .55, and NPV of .79 with a cutoff of 15. The RF score showed fair 
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discrimination (AUC=.75; see Figure 2; Table 5), with an optimal cutoff of 5, sensitivity of .75, 

specificity of .63, PPV of .54, and NPV of .80. The SC Domain score also demonstrated fair 

discrimination (AUC=.74), yielding an optimal cutoff of 12 with a sensitivity of .73, specificity 

of .63, PPV of .54 and NPV of .80. The SC RF score demonstrated similar discrimination 

(AUC=.73) with an optimal cutoff of 5, sensitivity of .64, specificity of .74, PPV of .59, and 

NPV of .78. The RRB subscale demonstrated weaker discrimination (RRB Domain AUC=.68; 

RRB RF AUC=.64). The RRB Domain had an optimal cutoff of 2, sensitivity of .70, specificity 

of .54, PPV of .47, and NPV of .76, while the RRB RF had an optimal cutoff of 1, sensitivity and 

specificity of .62, PPV of .49, and NPV of .74. 

Supplementary ROC curve summary score analyses revealed that the summary scores 

discriminate similarly between ADOS concern classification groups, with slightly higher AUC 

values and improved sensitivity compared to diagnostic classification (shown in Table 6). The 

Composite and Total scores demonstrated good discrimination, sensitivity, and specificity  

(Composite: AUC=.85, sensitivity=.77, specificity=.82, cutoff = 6, see Figure 3; Total: 

AUC=.83, sensitivity=.74, specificity=.74, cutoff = 16, see Figure XX), while the RF score 

showed improved discrimination (AUC=.80; see Figure 4) and sensitivity (.81), but 

compromised specificity (.64) when used with a cutoff of 5. The SC Domain score also 

demonstrated good discrimination (AUC=.80), yielding an optimal cutoff of 13 with a sensitivity 

of .77 and specificity of .70, and the SC RF score demonstrated similar results (AUC=.79, 

sensitivity=.74, specificity=.74) with an optimal cutoff of 5. The RRB subscale had weaker 

overall discrimination (RRB Domain AUC=.69; RRB RF AUC=.67), as observed with 

diagnostic classification as well. The RRB Domain had an optimal cutoff of 2, sensitivity of .73 
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and specificity of .53, while the RRB RF had an optimal cutoff of 1, sensitivity of .65, and 

specificity of .61. 
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DISCUSSION 

Our findings support use of the SORF as an observational, level-two screening tool for 18-24 

month olds in a naturalistic home environment. The Composite score, which is comprised of the best 

performing items, is the optimal method for predicting ASD risk in this sample, with good 

discrimination, sensitivity, and specificity (i.e., indicated by an AUC value > .80; sensitivity and 

specificity between .70-.80; Glascoe, 1996) when used with a cutoff of 5. The RF score provides 

slightly lower sensitivity and specificity, though it may be advantageous for clinicians who are 

interested in the presence and number of clinically significant symptoms that fit diagnostic 

criteria for ASD. Similarly, the Total score also provides a similarly performing measure of ASD 

risk with a thorough breadth of symptoms from both symptom domains. 

The SORF was modified for use in the home in order to provide a more practical, 

accessible, and feasible option compared to currently available level 2 screening measures, as 

speculation that better tools are needed to justify routine ASD screening at 18-24 months has 

been raised (Al-Qabandi, Gorter & Rosenbaum, 2007; Campos-Outcalt, 2011, Siu et al., 2016). 

While the STAT and SORF Clinic provide appropriate options for families who are able to 

access timely clinical services when first concerns arise, these methods have extensive practical 

limitations due to clinic waitlists, provider training requirements, and many families’ reduced 

access to services, often leading to substantial delays in evaluation and diagnosis. The SORF 

Home provides an important alternative to currently available screening methods, as it 

demonstrates efficacy when administered by non-experts and applied to a naturalistic setting in a 

diverse sample ascertained from a primary care population. Application through Part C of the 

IDEA and telehealth services could allow non-experts to assess ASD risk in these populations in 

a manner than increases feasibility and reduces common obstacles to access to care. 
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Additionally, ASD screening could secondarily function as a means of determining intervention 

goals related to social communication deficits and the presence of repetitive behaviors. 

Item Level Analysis 

Children with ASD demonstrated more severe autism symptoms compared to other 

diagnostic groups (DD and TD) on approximately half of the SORF items in the home context. 

Twelve of 22 items distinguished ASD from at least one other group, with 6 items selected for 

the Composite algorithm due to optimal performance across analyses. While SORF items are 

specific, easily observable behaviors that reflect the heterogeneity of ASD symptoms included in 

DSM-5 diagnostic criteria, it is not surprising that the symptoms that are most prominent and easily 

observable in a time-limited observational sample may vary across several contextual factors: the 

structure of the setting, the materials available, the prompts given by the clinician or caregiver, and 

whether behaviors are intentionally elicited (e.g., a clinician calling a child’s name to see whether 

they respond) or avoided (e.g., a parent taking away an object in which the child has an excessive 

interest). Given these inherent contextual differences, certain items did not demonstrate adequate 

discrimination, despite their utility in a more structured clinical setting.  

Specifically, many of the RRB items had low frequency of occurrence and subsequently 

demonstrated weak discrimination in the home, consistent with past research that suggests these 

behaviors are more difficult to detect in this context compared to the clinic (Stronach & Wetherby, 

2014) and are generally less effective in screening than SC items (Berument et al., 1999; Rowberry 

et al., 2015). Parents that are aware of their child’s RRBs may also use strategies to reduce the time 

they engage in them or prevent them from occurring (e.g., through limiting or removing objects, 

distraction, or interruption). SC items perform better overall than RRB items in the home, likely 

because there are ample opportunities to assess the child’s social abilities throughout a one-hour 
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observation during which parents are directed to be interactive throughout. However, certain SC 

items are dependent on presented opportunity in a naturalistic environment, such as the child’s name 

being called (for Response to Name) and several reciprocal play actions occurring within the 

observation (for Limited Sharing of Reciprocal Social Play), making these items less effective in 

discriminating between groups in this setting. 

Sample Characteristics 
 

Children who screened positive on the SORF in this sample have higher developmental 

scores (based on the MSEL) than samples identified by the M-CHAT (Robins et al., 2014) and 

STAT (Stone et al., 2004), demonstrating a potential strength of the SORF in detecting high-

functioning toddlers from a primary care sample. Children with ASD who were accurately 

detected by the M-CHAT had average MSEL scores over two SDs below the mean for all 

subscales; similarly, children with ASD in the STAT sample had an average mental age of 

approximately half their chronological age (i.e., mental age means=16-17 months, chronological 

age means=31-32 months). In contrast, our ASD sample was within one SD of the mean for all 

subscales except language (receptive and expressive), which were both within two SDs from the 

mean. The M-CHAT and STAT’s lower-functioning ASD sample may reflect bias in sample 

recruitment and may inflate estimates of the measure’s sensitivity. 

SORF Prediction of ADOS Concern Classification 

  SORF performance as measured by summary scores was similar when used to predict 

ADOS-T concern classification instead of best estimate diagnostic classification, with the Composite 

score still within the recommended range. This evidence provides support that significant findings 

are not solely a result of conflation due to the dual-purpose use of the home observation in both 

diagnostic procedures and SORF coding. In fact, discrimination was slightly improved when applied 
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to the ADOS-T concern classification, demonstrating agreement between the SORF as a screening 

measure and the ADOS-T as a diagnostic tool. These findings further support the utility of the SORF 

Home as a reliable measure of current ASD symptoms. 

Limitations and Future Directions 
 

Replication of these findings is necessary in additional samples of young children with 

and without ASD, especially given the heterogeneity in ASD symptoms across children. While 

the Composite score comprised of six items demonstrated improved sensitivity and specificity in 

this sample, caution should be taken in generalizing the use of a limited number of items to 

predict risk for a complex disorder that presents with various symptoms across individuals, 

without evidence across samples. The Total and RF score should be considered as more thorough 

measures of ASD symptoms. 

The current study utilized the entire one-hour home observation collected as part of the 

diagnostic evaluation to code SORF items, which requires a significant amount of time and could 

consequently impact its feasibility for implementation. Consideration of a shorter observation 

sample will be critical in creating a more efficient screening method. However, previous studies 

have found that using too brief of a measure may not adequately detect risk, even when an 

observation from a gold standard evaluation is used (Gabrielson et al., 2015). Therefore, 

studying the SORF in time intervals to determine the length of observation required without 

sacrificing efficacy is planned as a next step of analysis in order to truly broaden its utility.  

Additionally, while universal ASD screening is recommended at 18 and 24 months 

(Johnson & Myers, 2007), evidence suggests that symptoms emerge and can be detected in some 

children as early as 12 months of age (Zwaigenbaum et al., 2005; Elison et al., 2014). Given the 

rapid brain development that occurs early in a child’s life, beginning screening and intervention 
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services earlier may further improve child outcomes. There are currently no level 2 screening 

methods validated for use at this young age. Following this study, we hope to develop a revised 

SORF algorithm that can be optimally utilized in the naturalistic home environment at 12 months 

of age. Use of the SORF Home in combination with a parent-report measure will also be 

explored specifically to determine how it functions as a diagnostic measure, or if it can help to 

triage children who may have clear ASD from those needed careful diagnostic assessment to 

confirm or rule out ASD. Finally, while these results suggest that the SORF can be applied to a 

naturalistic home setting, further research is needed to replicate these findings with an 

independent sample and to study methods to further increase time- and cost-efficiency in order to 

improve screening options for detecting ASD risk in young toddlers.
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APPENDIX A 
 

TABLES 
 
Table 1. Participant demographics 
 

 

  

Characteristic  
M (SD) 

                          Diagnostic Group 
         ASD DD TD  

  
N 84 82 62 

	   	  
	   	  

Age in months - M (SD) 20.66 (1.81) 20.29 (1.56) 20.38 (1.46) 

	   	  
	   	  

Sex - n (%)    

 
   

     Male 72 (85.7%)b, c 60 (73.2%)a, c 34 (54.8%)a, b 

 
   

     Female 12 (14.3%)b, c 22 (26.8%)a, c 28 (45.2%)a, b 

    
Race - n (%)    

  
  

    White 59 (70.2%) 57 (69.5%) 46 (74.2%) 

  
  

     Black 13 (15.5%) 13 (15.9%) 6 (9.7%) 

  
  

     Asian 2 (2.4%) 2 (2.4%) 1 (1.6%) 

  
  

     Biracial 9 (10.7%) 10 (12.2%) 7 (11.3%) 

  
  

Ethnicity - n (%)    

  
  

     Hispanic 17 (20.2%)b, c 7 (8.5%)a, c 1 (1.6%)a, b 

  
  

Maternal education in years –  
M (SD) 14.81 (2.50) 14.34 (2.62) 16.17 (2.82)a, b 

 
a Significant difference with ASD group 
 
b Significant difference with DD group 
 
c Significant difference with TD group 
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Table 2. Descriptive statistics for outcome measures 

 
 
Characteristic 
M (SD) 

Diagnostic Groups  
 
 

F-value 

Pairwise 
p-values 

ASD DD TD DD-
ASD 

TD-
ASD 

ADOS-T SA CSS score 7.04 (2.14) 3.37 (1.78) 2.55 (1.49) 128.61*** .000 .000 
       

ADOS-T RRB CSS score 6.19 (2.29) 3.71 (2.27) 3.81 (2.30) 30.22*** .000 .000 
       
ADOS-T Total CSS score 6.89 (2.12) 3.04 (1.51) 2.42 (1.30) 155.47*** .000 .000 
       
MSEL Gross Motor T 46.84 (9.88) 47.10 (10.52) 54.89 (8.26) 14.76*** 1.000 .000 
       
MSEL Fine Motor T 43.64 (10.60) 44.43 (9.59) 53.61 (8.43) 22.23*** 1.000 .000 

 
MSEL Visual Reception T 40.54 (11.21) 44.54 (11.47) 57.92 (10.65) 45.70*** .065 .000 

 
MSEL Receptive Language T 31.44 (13.46) 38.20 (13.36) 57.94 (9.76) 83.19*** .002 .000 

 
MSEL Expressive Language T 30.52 (10.61) 33.18 (9.13) 50.13 (8.82) 83.10*** .229 .000 

 
MSEL ELC Composite 75.81 (16.53) 81.34 (13.40) 110.03 (20.47) 105.04*** .053 .000 

 
MSEL Nonverbal DQ 90.13 (15.45) 93.94 (12.75) 110.66 (13.08) 41.93*** .244 .000 

 
MSEL Verbal DQ  64.45 (23.86) 74.92 (17.47) 108.03 (15.81) 91.24*** .002 .000 

 
VABS-II Socialization 84.85 (8.72) 87.51 (7.87) 89.79 (7.83) 6.65** .110 .001 

 
VABS-II Daily Living Skills 86.65 (10.06) 89.79 (10.37) 94.47 (7.65) 11.86*** .108 .000 

 
VABS-II Communication 81.86 (13.68) 88.72 (10.72) 100.63 (8.91) 47.87*** .000 .000 

 
VABS-II Motor Skills 92.98 (9.28) 91.28 (10.05) 93.60 (8.49) 1.23 .734 1.000 

 
VABS-II ABC 84.02 (9.28) 87.09 (8.89) 93.23 (7.41) 20.38*** .071 .000 
       
**=p<.01, ***=p<.001 

ASD=autism spectrum disorder; DD=developmental delayed; TD=typically developing; 

ADOS=Autism Diagnostic Observation Schedule; SA=Social Affect score; 

RRB=Restricted/Repetitive Behavior score; MSEL=Mullen Scales of Early Learning; T=T Score; 

DQ=Developmental Quotient; VABS-II=Vineland Adaptive Behavior Scales, Second Edition; 

ABC=Adaptive Behavior Composite
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Table 3. Diagnostic group differences of SORF summed scores and items 

	   	   	   	   	  
Pairwise Group Differences 

	  
ASD (n=84)  DD (n=82)  TD (n=62) 

	  
ASD-DD ASD-TD 

	  
M (SD) M (SD) M (SD) F (2,225) d p d p 

Composite score 7.36 (3.60) 4.27 (2.80) 2.45 (2.28) 50.60*** 0.96 0.00 1.63 0.00 

Total Score 20.23 (7.83) 14.71 (6.62) 10.32 (4.85) 40.07***   0.76 0.00  1.52 0.00 

Number of Red Flags 6.81 (3.10) 4.91 (2.41) 3.24 (1.78) 35.60*** 0.68 0.00 1.41 0.00 

SC Domain score 16.06 (6.09) 12.12 (5.23) 8.98 (4.19) 32.34*** 0.69 0.00 1.35 0.00 

SC Number of Red Flags 5.61 (2.48) 4.13 (2.00) 2.94 (1.59) 29.58*** 0.66 0.00 1.28 0.00 

RRB Domain score 4.17 (3.72) 2.59 (3.06) 1.34 (1.71) 15.85*** 0.46 0.00 0.98 0.00 

RRB Number of Red Flags 1.20 (1.30) 0.78 (1.01) 0.31 (0.59) 13.31*** 0.36 0.03 0.88 0.00 
1. Limited sharing warm, joyful 

expressions 1.89 (0.82) 1.55 (0.96) 1.55 (0.90)   3.94* 0.38 0.04 0.39 0.07 

2. Flat affect/reduced facial expressions 0.35 (0.65) 0.18 (0.59) 0.18 (0.43)   2.18 0.27 0.21 0.31 0.25 

3. Limited sharing interests, enjoyment 2.27 (1.09) 2.12 (1.13) 1.71 (1.29)   4.38* 0.14 1.00 0.47 0.01 

4. Lack of response to name 1.33 (1.21) 0.83 (1.03) 0.71 (1.06)   6.90** 0.44 0.09 0.55 0.18 

5. Poor eye gaze directed to faces 1.06 (0.88) 0.52 (0.69) 0.32 (0.65) 19.20*** 0.68 0.00 0.96 0.00 

6. Limited showing and pointing 2.49 (0.84) 1.79 (1.09) 1.26 (1.14) 26.67*** 0.72 0.00 1.23 0.00 

7. Using another person’s hand as tool 0.19 (0.63) 0.06 (0.36) 0.06 (0.40)   1.83 0.25 0.27 0.25 0.37 

8. Limited directed consonant sounds  1.48 (1.40) 1.26 (1.29) 0.23 (0.64) 21.17*** 0.16 0.72 1.15 0.00 
9. Limited coordination of nonverbal 

communication 1.19 (1.30) 0.57 (0.99) 0.16 (0.55) 18.56*** 0.54 0.00 1.03 0.00 

10. Less interest in people than objects 1.37 (0.94) 0.83 (0.87) 0.47 (0.67) 20.94*** 0.60 0.00 1.10 0.00 

11. Limited reciprocal social play 2.44 (0.84) 2.40 (0.87) 2.34 (0.85)   0.25 0.05 1.00 0.12 1.00 

12. Repetitive use of objects 0.45 (0.77) 0.17 (0.54) 0.11 (0.41)   6.95** 0.42 0.01 0.55 0.00 

13. Repetitive body movements 0.76 (1.06) 0.60 (0.86) 0.16 (0.45)   9.05*** 0.17 0.65 0.74 0.00 

14. Repetitive speech/intonation 1.15 (1.87) 0.63 (1.25) 0.35 (0.79)   6.08** 0.33 0.06 0.56 0.00 

15. Ritualized patterns of behavior 0.04 (0.24) 0.00 (0.00) 0.02 (0.13)   1.02 0.24 0.47 0.10 1.00 

16. Marked distress over change 0.44 (0.81) 0.49 (0.93) 0.24 (0.50)   1.85 -0.06 1.00 0.30 0.41 
17. Excessive interest in particular 

objects, actions, or activities 0.80 (1.00) 0.38 (0.71) 0.13 (0.46) 13.81*** 0.48 0.00 0.86 0.00 

18. Clutches particular objects 0.18 (0.50) 0.15 (0.52) 0.13 (0.34)   0.21 0.06 1.00 0.12 1.00 

19. Sticky attention to objects 0.10 (0.40) 0.04 (0.19) 0.10 (0.35)   0.88 0.19 0.73 0.00 1.00 

20. Fixation on parts of objects 0.13 (0.49) 0.05 (0.31) 0.03 (0.18)   1.66 0.20 0.43 0.27 0.31 

21. Adverse response to sensory stimuli 0.01 (0.11) 0.02 (0.22) 0.02 (0.13)   0.13 -0.06 1.00 -0.08 1.00 

22. Unusual sensory exploration/interest 0.11 (0.41) 0.06 (0.29) 0.05 (0.28)   0.65 0.14 1.00 0.17 0.90 
 

ASD=autism spectrum disorder; DD=developmental delay; TD=typically developing 

SORF=Systematic Observation of Red Flags; SC=social communication; RRB=restricted, repetitive Behaviors 

*=p<.05, **=p<.01, ***=p<.001 

Dunnett’s C post-hoc comparisons were used to correct for Type I error. 

Cohen’s d:≤.20=small, .50=medium, .80=large 
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Table 4. Item level ROC curve analysis based on diagnostic classification: ASD (n=84) 
versus nonspectrum (TD/DD; n=144)

  

1. Limited sharing of warm, joyful expressions 

AUC (SE) 

.60* (.04) 

95% CI  

.52-.67 

2. Flat affect or reduced facial expressions .56 (.04) .48-.64 

3. Limited sharing of interests or enjoyment .58* (.04) .50-.66 

4. Lack of response to name .63** (.04) .55-.70 

5. Poor eye gaze directed to faces .70*** (.04) .63-.77 

6. Limited use of showing and pointing .73*** (.03) .67-.80 

7. Using another person’s hand or body as a tool .53 (.04) .45-.61 

8. Limited use of consonant sounds in vocal communication .63** (.04) .55-.70 

9. Limited coordination of nonverbal communication .66*** (.04) .58-.74 

10. More interest in people than objects .70*** (.04) .63-.77 

11. Limited reciprocal social play .52 (.04) .45-.60 

12. Repetitive use of objects .61** (.04) .53-.69 

13. Repetitive body movements .58* (.04) .50-.66 

14. Repetitive speech/intonation .60** (.04) .53-.68 

15. Ritualized patterns of behavior .51 (.04) .43-.59 

16. Marked distress over change .52 (.04) .44-.60 

17. Excessive interest in particular objects, actions, activities .64*** (.04) .56-.72 

18. Clutches particular objects .52 (.04) .44-.59 

19. Sticky attention to objects .51 (.04) .43-.59 

20. Fixation on parts of objects .53 (.04) .45-.61 

21. Lack of or adverse response to specific sensory stimuli .50 (.04) .42-.58 

22. Unusual sensory exploration or interest in sensory stimuli .52 (.04) .44-.59 
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Table 5. Summary score ROC curve analysis based on diagnostic classification: ASD (n=84) 
versus nonspectrum (TD/DD; n=144) 

 
 
 

AUC (SE) 95% CI Sensitivity Specificity Cutoff PPV NPV 

Composite Score† .81*** (.03) .75-.86 0.77 0.72 5 0.62 0.84 

Total Score .79*** (.03) .71-.84 0.70 0.67 15 0.55 0.79 

Number of Red Flagsˆ .75*** (.03) .68-.81 0.73 0.63 5 0.54 0.80 

SC Domain Score◊ .74*** (.03) .68-.81 0.73 0.63 12 0.54 0.80 

SC Red Flags∆ .73*** (.04) .66-.80 0.64 0.74 5 0.59 0.78 

RRB Domain Score◊ .68*** (.04) .61-.76 0.70 0.54 2 0.47 0.76 

RRB Red Flags∆ .64*** (.04) .57-.72 0.62 0.62 1 0.49 0.74 

 

AUC=Area under the curve; SE=standard error; CI=confidence interval; SC=social communication; 

RRB=restricted, repetitive behaviors; PPV=positive predictive value; NPV=negative predictive value
† Composite Score = Sum of best performing items: (1) Poor eye gaze directed to faces, (2) 
Limited showing and pointing, (3) Limited coordination of nonverbal communication, (4) Less 
interest in people than objects, (5) Repetitive use of objects, (6) Excessive interest in particular 
objects, actions, & activities 
 
ˆ Number of Red Flags = Count of items with clinically significant severity (i.e., score of 2 or 3) 
across all 22 items 
 
∆ Domain Red Flags = Count of items with clinically significant severity (i.e., score of 2 or 3) in 
each symptom domain 
 
◊ Domain scores = Sum of all 11 items within each symptom domain 
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Table 6. Summary score ROC cure analysis based on ADOS concern range: Moderate-to-
severe concern (n=69) versus little-to-no/mild-to-moderate concern (n=159)  

 
 
 

AUC (SE) 95% CI Sensitivity Specificity Cutoff   

Composite Score† .85*** (.03) .77-.89 0.81 0.74 7   

Total Score .83*** (.03) .77-.89 0.74 0.74 16   

Number of Red Flagsˆ .80*** (.03) .74-.87 0.81 0.64 5   

SC Domain Score◊ .80*** (.03) .74-.87 0.77 0.70 13   

SC Red Flags∆ .79*** (.04) .72-.86 0.74 0.74 5   

RRB Domain Score◊ .69*** (.04) .61-.76 0.73 0.53 2   

RRB Red Flags∆ .67*** (.04) .59-.75 0.65 0.61 1   

 

AUC=Area under the curve; SE=standard error; CI=confidence interval; SC=social 

communication; RRB=restricted, repetitive behaviors; PPV=positive predictive value; 

NPV=negative predictive value 
† Composite Score = Sum of best performing items: (1) Poor eye gaze directed to faces, (2) 
Limited showing and pointing, (3) Limited coordination of nonverbal communication, (4) Less 
interest in people than objects, (5) Repetitive use of objects, (6) Excessive interest in particular 
objects, actions, & activities 

 
ˆ Number of Red Flags = Count of items with clinically significant severity (i.e., score of 2 or 3) 
across all 22 items 
 
∆ Domain Red Flags = Count of items with clinically significant severity (i.e., score of 2 or 3) in 
each symptom domain 
 
◊ Domain scores = Sum of all 11 items within each symptom domain 
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APPENDIX B 
 

FIGURES
 

	  	  
Figure 1. Composite score ROC curve based on diagnostic classification 
 

 
Figure 2. Total score ROC curve based on diagnostic classification  
 

Figure 3. Number of Red Flags (RF) score ROC curve based on diagnostic classification  
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Figure 4. Composite score ROC curve based on ADOS concern classification 
 

 
Figure 5. Total score curve based on ADOS concern classification  
 

	  
Figure 6. Number of Red Flags (RF) score curve based on ADOS concern classification  
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APPENDIX C 
 

HOME OBSERVATION INSTRUCTIONS 
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The videographer or person running the camera is trained on how to make this home video but may not be trained on scoring 
the video. Because of this, the videographer cannot answer questions about how your child did or how your child is developing. The 
person running the camera should not be interacting with you or your child other than a brief greeting at the door. The diagnostic 
team who will be evaluating your child can answer any questions for you after reviewing the video. 

How much time should we spend on each activity?
In order to get through 6 activities in an hour, you should spend about 5 to 10 minutes on each activity. It is fine if you spend 

a little more or less time on each category. It is also fine if you do not complete activities from each of the 6 categories. We want you 
to organize the hour observation so that we can see you interact with your child in a variety of different activities that you usually do 
every day. Please do not feel limited by these guidelines or that you need to finish everything during the hour video.

You do not need to spend the whole 5 to 10 minutes doing the same activity. For example, you might spend about 10 minutes on 
Play with Toys by playing with blocks for a few minutes, moving to trucks for another few minutes, and ending this activity category 
with puzzles. 

What about distractions or interruptions?
We would like to keep distractions during the hour observation to a minimum, such as television, phone calls, or conversations 

with other people that do not include your child.  If an interruption cannot be avoided, please try to get back to interacting with your 
child as quickly as possible.

The camera and person running it may also be a distraction. The videographer is instructed to stay focused on the camera and not 
talk to your child. This helps the interaction between you and your child to be as natural as possible. During the hour, the videographer 
might cue you in the following ways:

• Suggest that it is a good time to move to another activity.
• Let you know that everything is going well.
• Remind you about activity categories that you have not yet done with your child.

What if my child gets upset or I start to feel uncomfortable?
If your child gets upset at any point during the video, you should comfort your child the way you usually do. Seeing how your 

child responds when upset will provide useful information about your child. If your child needs a break from interacting, it is fine to 
take breaks as needed.

You can ask that the video stop or be rescheduled at any point during the video. You can also ask that the videographer pause if 
you or your child needs a break or for sensitive activities like diaper changing. Diaper changing can be a good activity from the caregiv-
ing category to do with your child. If you decide to do this, we will respect your child’s privacy.

What if I need help planning the hour?
We will contact you to schedule this home video. During that phone call, we will help you plan and organize your hour observa-

tion. We realize that planning this hour can feel like a big task, so we will guide you through this. In addition, the videographer can 
help you remember your plan for the video when at your home. However, you can change plans during the video depending on your 
child’s mood and interests.

When you are done with your hour of activities, the videographer will ask you 3 brief questions so we know how typical your 
child’s behavior was during this hour:  

1. Was your child as happy as usual at home with you?
2. Did your child communicate more or less than usual?
3. Was your child more or less engaged with you than usual?

Thanks for letting us video you and your child interacting at home. This information will help us know more about your child. 
The information will also help us improve our screening tools to identify children with autism spectrum disorder and other commu-
nication problems earlier.

Developed by the FIRST WORDS® Project

Copyright © 2015 Florida State University. All rights reserved.
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APPENDIX D 

IRB APPROVAL AND CONSENT FORMS 

Office of the Vice President For Research 
Human Subjects Committee 
P. O. Box 3062742 
Tallahassee, Florida 32306-2742 
(850) 644-8673 · FAX (850) 644-4392

RE-APPROVAL MEMORANDUM 

Date:  

To: 

Address: 

Dept.:   

From:  Thomas L. Jacobson, Chair 

Re:  Re-approval of Use of Human subjects in Research: 
      

Your request to continue the research project listed above involving human subjects has been approved 
by the Human Subjects Committee. If your project has not been completed by                      , you are 
must request renewed approval by the Committee.   

If you submitted a proposed consent form with your renewal request, the approved stamped consent 
form is attached to this re-approval notice.  Only the stamped version of the consent form may be used 
in recruiting of research subjects. You are reminded that any change in protocol for this project must 
be reviewed and approved by the Committee prior to implementation of the proposed change in the 
protocol.  A protocol change/amendment form is required to be submitted for approval by the 
Committee. In addition, federal regulations require that the Principal Investigator promptly report in 
writing, any unanticipated problems or adverse events involving risks to research subjects or others.  

By copy of this memorandum, the Chairman of your department and/or your major professor are 
reminded of their responsibility for being informed concerning research projects involving human 
subjects in their department.  They are advised to review the protocols as often as necessary to insure 
that the project is being conducted in compliance with our institution and with DHHS regulations. 

Cc: 
HSC No. 

09/29/2017

Amy Wetherby 

MC 7814

COLLEGE OF MEDICINE

Smart Early Screening for Autism and Communication Disorders in Primary Care

09/12/2018

2017.21879
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2312 Killearn Center Blvd., Building A   Tallahassee, Florida 32309 
Telephone 850.488.5780 Fax 850.644.3644 

The COLLEGE of MEDICINE 

FIRST WORDS® Project 
Providing Early Identification & Referral for Families of Infants & Toddlers with Communication Delays 

AGREEMENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY 

Project Title:  FIRST WORDS Project: Early Identification of Speech, Language, Communication, 
and Autism Spectrum Disorder 

Principal Investigator:  Amy M. Wetherby, Ph.D., CCC-SLP 

Your child is being asked to participate in a follow-up research project as described in this form 
below. All such research projects carried out at the University are governed by the rules of both 
the federal government and Florida State University. These rules require that you give your signed 
agreement for your child to participate in this project.  

The research staff who will evaluate your child will explain to you, in detail, the purpose of the 
project, the procedures to be used, and the potential benefits and possible risks of participation. 
You may ask any questions you have to help you understand the project. A basic explanation of 
the project is written below. Please read this explanation and discuss with the research staff any 
questions you might have.  

If you then decide that your child may participate in the project, please sign this form in the 
presence of the person who explained the project to you. You will be given a copy of this form to 
keep. 

1. Nature and Purpose of the Project:  The purpose of this study is to determine if
communication disorders can be identified in very young children who demonstrate delays in early
communication development. Being late in talking is often the first symptom evident to parents and
professionals of children with communication disorders. Because children usually begin acquiring
words between 12 and 18 months of age, a child may not be referred for a language delay until at
best 20 to 24 months, but more typically, after 30 months. This longitudinal study of
communication development in infants and toddlers will provide information on the predictive value
of our checklist and early measures of social communication and play development in relation to
performance on follow-up evaluations until 5 years of age. We hope that this research project will
help to develop better tools to guide referrals of children at risk for speech, language,
communication, autism spectrum, and other developmental disorders at earlier ages. This project
will also help estimate the percentage of children born in the panhandle of Florida who have
communication disorders. Early identification may lead to earlier treatment and support for children
and families, which would have a positive effect on a children’s development.

2. Explanation of Procedures:  You and your child will be asked to participate in a number of
procedures as part of this project. We will be giving you questionnaires to complete to provide
information about your child’s development and experience. Your child will participate in an
evaluation lasting approximately 60-90 minutes scheduled on one or two days. Activities during the
session include standard assessment procedures for young children to measure social
communication, language, nonverbal cognitive and emergent literacy skills. This involves the
presentation of toys and interesting materials to encourage our child to communicate and will
require your child to follow instructions, repeat sounds and words, name pictures, rhyme, and
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answer questions.  We will ask your permission to video record the evaluation session to help us 
score behavior accurately. We will give you a summary of the results of this evaluation.  

We will also be completing a standardized diagnostic measure to identify or rule-out autism 
spectrum disorder which lasts about an hour. We will ask your permission to send a 
videographer to your home to video record you interacting with your child during everyday 
routines for about an hour. This will allow us to see how your child communicates and interacts 
at home compared to our clinical setting. The home observation is optional. We may ask you to 
return to for a follow-up evaluation in 6 to 12 months in order to follow the development of your 
child. The follow-up evaluation is optional, and you can decide to refuse at a later time. We will 
save the digital video file of this evaluation session and the home visit so we can continue to 
study precise measures of social communication and play of your child over the course of this 
longitudinal project. Because this study is exploratory in nature, research staff may review your 
child’s videotape at a later time to rate more precise measures of social communication and play. 
Your child’s scores on questionnaires, standardized tests, and ratings of the videotape will 
become part of the FIRST WORDS Project database and may be used to study early indicators 
of typical development and communication delays in relation to developmental outcomes.  

If you choose to participate in the diagnostic evaluation for autism, information obtained about 
your child as part of this study will be shared with the National Institutes of Health National 
Database for Autism Research (NIH NDAR). The information will include standardized test 
scores, observation ratings, and information provided on questionnaires. The information will be 
available for researchers to use in research about autism and other social communication 
disorders to answer questions about etiology, diagnosis, development, and response to 
treatment. All personal details identifying you or your child will be removed before information 
becomes a part of this database. No video records will be provided to NDAR. If you do not want 
you or your child’s research information to be used in this way, you should not participate 
in the diagnostic evaluation for autism. 

3. Discomforts and Risks:  All of the procedures to be used are commonly used with toddlers
and preschool children. Therefore, they do not involve activities that would cause discomfort to
your child or put your child at any risk. However, if your child should become upset for any reason,
the evaluation will be stopped, and rescheduled with your permission.

4. Benefits:  You and your child may benefit from involvement in this project in a number of
ways. First, we will provide you with information about your child’s social communication and play
development. Second, the results of this study will provide information for professionals regarding
patterns of early communication development, which will help with the early identification of
communication delays in children. This information should lead to earlier and more appropriate
services to young children and their families.

5. Confidentiality:  All records relating to this project will be handled and safeguarded according
to standard clinical policy for all patient records and will remain confidential to the extent allowed
by law. Any research reports will carry no identifying information of individual children or families.

6. Refusal/Withdrawal:  At any time during your participation in this study, you will have the
opportunity to refuse to participate in any procedures or withdraw from the study at any time without
prejudice or effect on you and your child. If you would like to remove your child’s records from the
research database at any time in the future, call the project at 850-488-5780 to let us know.
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7. Risks:  We do not expect any unusual risks as a direct result of participation in this project,
since all testing procedures are part of standard routine clinical test batteries.

8. Video Recording: You and your child will be video recorded by the clinician during the
evaluation session, and if you agree, during a home visit. These digital video files will be kept by
project staff on a secure research website and will be saved indefinitely. These video files will be
accessible only to research staff, unless otherwise specified by you. We may ask your permission
to use segments of these videotapes for educational purposes; however, this is optional.

I acknowledge that I have read and fully understand the above explanation of the project, all of 
my questions have been satisfactorily answered, and I give permission for my child to participate 
in this research project. If I have any questions about my rights as a participant in this research, 
or if I feel I have been placed at risk, I can contact the chair of the human subjects committee, 
institutional review board, through the vice president for the office of research at (850) 644-8633 
or humansubjects@fsu.edu. 

_____________________________________________________________________________
_ Signature of Parent         Date 
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2312 Killearn Center Blvd., Building A   Tallahassee, Florida 32309 
Telephone 850.488.5780 Fax 850.644.3644 

The COLLEGE of MEDICINE 

FIRST WORDS® Project 
Providing Early Identification & Referral for Families of Infants & Toddlers with Communication Delays 

AGREEMENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY 

Project Title: FIRST WORDS Project: Early Identification of Speech, Language, Communication, 
and Autism Spectrum Disorder 

Principal Investigator:  Amy M. Wetherby, Ph.D., CCC-SLP 

Your child is being asked to participate in a research project as described in this form below.  All 
such research projects carried out at the University are governed by the rules of both the federal 
government and Florida State University.  These rules require that you give your signed 
agreement for your child to participate in this project.   

Our research staff will explain to you, in detail, the purpose of the project, the procedures to be 
used, and the potential benefits and possible risks of participation. You may ask any questions you 
have to help you understand the project. A basic explanation of the project is written below.  
Please read this explanation and discuss with the research staff any questions you might have.   

If you then decide that your child may participate in the project, please sign this form after the 
project is explained to you.  You will be given a copy of this form to keep. 

1. Nature and Purpose of the Project:  The purpose of this study is to determine if
communication disorders and autism spectrum disorder can be identified in very young children
who demonstrate delays in early social communication development. Being late in talking is often
the first symptom evident to parents and professionals of children with communication disorders.
Because children usually begin acquiring words between 12 and 18 months of age, a child may
not be referred for a language delay until at best 20 to 24 months, but more typically, after 30
months. This longitudinal study of communication development in infants and toddlers will provide
information on the predictive value of our checklist and early measures of social communication
and play development in relation to performance on follow-up evaluations. We hope that this
research project will help to develop better tools to guide referrals of children at risk for speech,
language, communication, autism spectrum, and other developmental disorders at earlier ages.
Early identification may lead to earlier treatment and support for children and families, which would
have a positive effect on children’s development.

2. Explanation of Procedures:  You and your child will be asked to participate in a number of
procedures as part of this project. Initially, we are asking you to participate in an hour-long home
observation of you and your child interacting together during everyday activities that is video
recorded. This will allow us to see how your child communicates and interacts with you at home.
During this recording you and your child will participate in activities that you do everyday, such as
having a snack, playing together, caregiving routines, and looking at books. We will give you
specific directions on what to do during this hour observation and how to get it video recorded. If
your child shows any social communication delays or red flags for autism spectrum disorder during
this home observation, we will invite you to bring your child for an evaluation to assess your child’s
social communication development. However, you can decide later if you want to participate in that
evaluation. We will save the digital video files of this observation so we can continue to study
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precise measures of social communication and play of your child over the course of this 
longitudinal project. Because this study is exploratory in nature, research staff may review your 
child’s video file at a later time to rate more precise measures of social communication and play. 
Your child’s scores on questionnaires and ratings of the video files will become part of the FIRST 
WORDS Project database and may be used to study early indicators of typical development, 
communication delays, and autism.  

3. Discomforts and Risks:  The activities we are asking you to record are things you are already
doing with your child. Therefore, they do not involve activities that would cause discomfort to your
child or put your child at any risk.  However, if your child should become upset for any reason, you
can decide to stop the observation, take a break, or reschedule it.

4. Benefits:  You and your child may benefit from involvement in this project in a number of
ways. First, we will provide you with information about your child’s social communication and play
development.  Second, if your child shows any signs of social communication delay, we will invite
you to an evaluation that may help you and your child receive services sooner. Additionally, the
results of this study will provide information for professionals regarding patterns of early
communication development, which will help improve early detection of communication delays and
autism for other families. This information should lead to earlier and more appropriate services to
young children and their families.

5. Confidentiality:  All records relating to this project will be handled and safeguarded according
to standard clinical policy for all patient records and will remain confidential to the extent allowed
by law. Any research reports will carry no identifying information of individual children or families.

6. Refusal/Withdrawal:  At any time during your participation in this study, you will have the
opportunity to refuse to participate in any procedures or withdraw from the study at any time
without prejudice or effect on you and your child. If you would like to remove your child’s records
from the research database at any time in the future, call the project at 850-488-5780 to let us
know.

7. Risks:  We do not expect any unusual risks as a direct result of participation in this project,
since all testing procedures are part of standard routine clinical test batteries.

8. Video Recording: You and your child will be video recorded by a videographer from the
FIRST WORDS Project or we may ask you to video record the observation, if that is possible.
Digital video files of the home observation will be stored on a secure password-protected research
website hosted by the FSU College of Medicine and will be saved indefinitely. These video files
will be accessible only to research staff, unless otherwise specified by you in writing. We may ask
your permission to use segments of these videotapes for educational purposes; however, this is
optional and you can decide that later.

I acknowledge that I have read and fully understand the above explanation of the project, all of my 
questions have been satisfactorily answered, and I give permission for my child to participate in 
this research project. If I have any questions about my rights as a participant in this research, or if I 
feel I have been placed at risk, I can contact the chair of the human subjects committee, 
institutional review board, through the vice president for the office of research at (850) 644-8633 or 
humansubjects@fsu.edu. 

______________________________________________________________________________ 
Signature of Parent         Date 
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