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Inclusion of Individuals Across the Lifespan 
 
120 children with ASD between 5 and 10 years will be included and matched on certain criteria (age band, sex, 
level of communication, and functioning level).  
 
We expect approximately 70% male participants with ASD and 30% female participants with ASD based on 
enrollment in our recent studies. 
 
Note that there is an inherent gender bias within our studies as ASD is more prevalent in boys than girls. 
However, in our past studies we were able to reduce the bias by enrolling more girls with ASD. The reported 
ASD prevalence is 85% in males and 15% in females. In contrast, our recent study had a ratio of 70% males to 
30% females with ASD. 
 
Overall, we expect our sample to be biased in gender (> Males) given the higher prevalence of ASD diagnosis 
in males.  








Inclusion of Women and Minorities  
Adult women will not be included. However, female children with Autism Spectrum Disorder (ASD) will be 
included. Mothers of participants will be asked to complete questionnaires about their children.  
 
We expect participants to be 60% Caucasian, 20% African American, 5% Hispanic, 11% Asian and 4% other 
minorities based on the demographics of our recent enrollment and recruitment cycles. 
 
Overall, we expect our sample to be biased in ethnicity (> Caucasian) given the higher proportion of white 
families in our recruitment areas. However, we will make significant efforts to recruit a diverse sample of 
participants from small towns as well as nearby cities such as Newark and Wilmington, DE, Baltimore, MD, and 
Philadelphia, PA at the University of Delaware site and Hartford, New Haven, Bridgeport, & Waterbury, CT as 
well as Newton, MA, and Providence, RI areas at the University of Connecticut site. 
 








Recruitment and Retention Plan 
 
A. Recruitment Plan: Every year within each quarter we will contact the local community of stakeholders 
interacting with individuals with disabilities through different resources in the DE-MD-PA-NJ and CT-MA-RI 
regions. We are more than confident that we will be able to recruit the said N of 120 children across both sites 
(60 per site) based on recruitment rates for our past studies in children with ASD. 
 
UD recruitment sites: 
We plan to contact the local autism community around Newark, DE through different resources: a) SPARK 
Simons Foundation Team (1400 children with ASD within a 50-mile radius around UD), b) UD’s Center for 
Disabilities Services and all public schools in the state of Delaware, c) Nemours/A. I. duPont Hospital for 
Children’s behavioral health/pediatric clinics and the Swank Autism Center, d) All local autism services 
including ABA/Speech therapy/OT/PT clinics and all public and private schools in the states of DE, MD, and 
PA (within a 50-mile radius), and e) Multiple parent advocacy groups including Autism Delaware (see letter of 
support), DE Family Voices, Pathfinders for Autism in MD, Autism NJ, and Ascend PA.   
 
UConn recruitment sites: 
We plan to contact the local autism community around Storrs, CT through different resources: a) UConn KIDS 
is an ever-growing database of families who have indicated interest in participating in studies by UConn 
researchers. The database presently includes 35 kids with ASD. Moreover, UConn KIDS has contacts with 150 
schools and school districts in CT that have agreed to support recruitment of participants for research (see 
letter of support). b) Autism Services and Resources CT (ASRC) that is a statewide organization that provides 
supports to individuals with disabilities and their families. The PI has connections with ASRC to disseminate 
study information to families during their events and through social media. c) Connecticut Children’s Medical 
Center’s PT department (see CCMC’s letter of support), d) Hospital for Special Care Autism center. e) Oakhill 
schools that is spread over 9 physical locations in CT with 117 students with disabilities including ASD (see 
letter of support). f) CT Parent Advocacy Center is a parent advocacy group for children with disabilities who 
can be contacted through their listserv (http://www.cpacinc.org/about-us/). g) CT family support network 
(CTFSN), a statewide organization that provides direct support to individuals with disabilities and their families. 
The PI has been using this resource to recruit for her studies through their email listserv as well as through 
their social media pages. h) Special education CT is a non-profit organization comprised of special educators 
that caters to families of individuals with disabilities. They have agreed to inform families in their database (500 
families) as well as advertise the study on their website and social media groups (see letter of support).  
i) The PI has a database with contact information of school-based pediatric therapists in CT who will be 
contacted for both spreading information about the study with patients on their case load and to also obtain 
their feedback during the intervention delivery phase of the study and for the community implementation phase 
of the project. The PI also has connections with CT APTA pediatric PT Special Interest Group (SIG) comprising 
pediatric PTs practicing in the state of Connecticut. Study information will also be disseminated through this 
source. j) The PI has research/clinical connections with the UConn PT and UConn Speech-Language 
Pathology departments to recruit through these clinics. k) Emails and follow-up calls to all local rehabilitation 
services including OT/PT/Speech Therapy/ABA clinical services. 
 
B. Retention Plan: Once a family contacts the lab, we will complete a screening interview to determine some 
aspects of eligibility. After that we will schedule the clinical psychology evaluation to confirm diagnosis and 
obtain an IQ measure for each child.  Next, we will schedule the pretests over a two-week period. We will 
schedule the visits based on the family’s convenience and availability. We are flexible about conducting testing 
on weekends to accommodate parent schedules. We will send reminders to families using their preferred 
method (calls/texts/emails) the day before to confirm research testing/training visits. Specifically for TH visits, 
we will send parents clear guidance on supplies needed, zoom links, and their role during TH testing. We will 
arrange parent orientation sessions for testing/training both for F2F and TH modes to familiarize them and get 
more buy-in from the families (note that we are presently following these procedures in our ongoing pilot RCT 
and these procedures will be continued for the proposed study). In our experience, most families interested in 
longitudinal intervention studies value the therapy offered to their child and would like to inform future research 
and clinical practice. Hence, they tend to be highly committed. The attrition rates are usually low (i.e., based on 
past studies ~15%).  



http://www.cpacinc.org/about-us/






Study Timeline 
 


A. IRB approval via a single IRB submitted at UD (with an IRB authorization agreement signed between 
UConn and UD) will be obtained during the first month of the project and re-approvals will be obtained 
thereafter on an annual basis.  


B. Focus group meetings will be conducted with caregivers and clinicians at the start of the study in Year 1 
to get stakeholder input on the intervention activities and content. Thereafter, after every round of data 
collection ongoing feedback will be obtained from caregivers, clinicians, graduate/undergraduate 
students across research teams and will be discussed with subject matter experts/music and movement 
educators/faculty at the UD site to make small changes to the protocol as needed based on feedback 
from the previous round. Furthermore, interventions will be tailored to each child’s needs and interests 
based on caregiver and clinician feedback.  


C. Recruitment will be ongoing over the 5-year period with one round of recruitment within each quarter.  
D. Data collections will be conducted in 3 rounds and will continue from Year 1 to Year 5. 20 children will be 


seen per site during each data collection round. If we have not met our recruitment targets, then additional 
children will be recruited in the first half of the last year.  


E. Data coding and analyses will happen concurrently with data collection.  
F. Statistical analyses will be conducted at the end of each testing round, and final analysis will be completed 


in years 2, 4 and 5.  
G. Preliminary dissemination through conference posters and talks will occur each year at conferences such 


as International Society for Autism. Research (INSAR), Society for Research in Child Development 
(SRCD), and North American Sport & Physical Activity Association (NASPSPA). 


H. In year 1, manuscript writing related will involve study procedures and ongoing RCT data manuscripts as 
pilot data in support of this work. In year 2 and year 4 preliminary findings will  be reported from 33-50% 
of the dataset.  


I. Final manuscript writing and data dissemination through conferences will commence in quarters 3 & 4 in 
year 5 and will continue thereafter.  


 
 
 








Single IRB Plan 
Per the NIH policy of a single IRB for multi-site research (https://grants.nih.gov/policy/humansubjects/single-
irb-policy-multi-site-research.htm), approval for this study will be obtained through a single IRB application 
submitted to the University of Delaware (UD).  
 
The procedures for data collection will be identical at both sites (as stated in the Human Subjects Section & 
Proposed Study Methodology Section of the Research Strategy Section of this grant application).  
 
The only differences will be in the recruitment materials (fliers, e-blurbs, short blurbs, etc.) with regard to the 
contact information.  
 
An authorization agreement has already been signed between UConn IRB and UD IRB for our ongoing RCT. 
 
The UConn IRB has agreed to cede review of the proposal to the UD IRB with the understanding that UConn-
specific verbiage pertaining to mandated reporting in case of research with minors is added to the consent 
form. 
 
Consent forms and recruitment materials have been appropriately modified to reflect site-specific changes and 
the protocol has been approved for over one year now with data collections and analysis occurring at both 
sites.  
 
A similar process as outlined above will be followed for the proposed study. 
 
Any adverse event reporting at each site (UD or UConn) will be done to the respective IRBs and the study PI 
will always report any adverse events to the UD IRB.  
 
 
 



https://grants.nih.gov/policy/humansubjects/single-irb-policy-multi-site-research.htm

https://grants.nih.gov/policy/humansubjects/single-irb-policy-multi-site-research.htm






Data Safety Monitoring Plan 
 
Person(s) responsible for data monitoring 


The study PI will be responsible for data coordination across both sites and we have a research coordinator at 
UD who will assist with data mining, coordination, and consistency across both sites. The study PI will be 
responsible for oversight of all aspects of the project including data coordination, recruitment, screening, data 
collection, data analysis, storage, and dissemination at the UD site.  The Co-I will be responsible for oversight of 
all aspects of the project including recruitment, screening, data collection, analysis, storage, and dissemination 
at the UConn site.  In addition, we have a clinical psychology faculty at each site (Dr. Dewey at UD and Dr. Eigsti 
at UConn), who will oversee and advise the clinical psychology post-doctoral fellow/doctoral student to ensure 
reliability and fidelity of ADOS and IQ administrations.  
 


How will data validity be ensured? 


The PI and Co-I’s team have weekly meetings in relation to the ongoing RCT and we will continue this practice 
for the proposed project as well. The aim of the weekly meetings is to discuss progress on all aspects of the 
project and to have a constant communication channel on procedures related to intervention development and 
delivery including screening, testing, training, and community implementation. The PI and Co-I along with their 
research coordinators will conduct quarterly monitoring of the following procedures across both sites. 
Graduate/undergraduate students and clinicians will be involved in these processes as needed.   


• Testing procedures will be viewed for consistency in test administration. Specifically, inter-rater and intra-
rater reliability between testers within and across sites will be confirmed every 6 months.  


• Eligibility criteria being followed for the enrolled participants across sites. 


• Privacy and confidentiality of study subjects is maintained by assigning identification numbers and secure 
placement of all data (locking, de-identification, password protection, etc.).  


• The informed consent/assent processes are complete prior to proceeding with any study procedures.  


• Cataloging of data are done with appropriate entries within each datasheet/scoring forms.  


• For all pre/post/follow-up measures, we will double-code all data by coding them at both sites and will 
establish consensus on disagreements. Data coders will always blinded to grouping. If the data coder’s 
blind is broken, the coding/assessment will be double-scored by another trained student to establish 
consensus. 
 


Note that these procedures are already in place for the ongoing RCT across UD-UConn sites, so the PI & Co-I 
have experience in instituting and sustaining these measures across both labs. We will continue these 
procedures for the proposed study.   
 
How will safety of participants be assured?  


UD IRB deems this to be a minimal risk study. Videotaping of behaviors is a common and safe testing procedure. 
Parents may feel burdened by visits to the UD STAR/UConn Storrs campus. Lastly, there is a risk of breach of 
confidentiality; however, we have taken multiple steps to prevent such an occurrence. We take strong 
precautions to de-identify all hard copies and electronic files of data including videos. All data are stored on 
password-protected computers, secure servers, and in locked cabinets within the PI/Co-I’s lab spaces.  


 
Adverse event reporting and IRB communications 


We already have established a single-IRB plan at UD for our currently ongoing RCT. We will follow similar 
procedures to establish UD as the IRB of record for the proposed study as well. The PI will be responsible for 
communicating with the UD IRB (IRB of record) during renewals and amendments to the protocol and for adverse 
event reporting. Adverse events at UD will be reviewed promptly by the PI and will be conveyed to the UD IRB 
via phone call and in writing. Adverse events at UConn will be reviewed promptly by the Co-I and will be conveyed 
to the UConn IRB (and by the PI to UD IRB) via phone call and in writing. The PI and Co-I understand that any 
serious adverse event must be reported immediately and requires a re-evaluation of the risk of the study. UD 
IRB deems this research as a minimal risk project. Testers know that following an adverse event, testing must 
be stopped, and the PI/Co-I must be informed immediately. In addition, if a parent or child requests that the 
testing be stopped, then it will be stopped immediately. 
 
Data Safety Monitoring Board 







We believe that the scale of this project is similar to our currently ongoing RCT and we are able to oversee and 
coordinate procedures and data collected at both sites. A physical therapy professor and developmental 
researcher with significant clinical research experience has agreed to be an independent medical monitor to 
whom we will report any adverse events or important protocol modifications. Based on their advice, we will 
amend the protocol and inform the funders/IRB as appropriate.  
 
 








Structure of the Study Team 
 


 
 


 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 


 
 
A. Key Personnel: Study PI, Dr. Bhat will provide overall project supervision including oversight of all aspects 


of the UD study and oversight of the data coordinating center at UD. UConn Site PI, Dr. Srinivasan will 
provide oversight of the different aspects of this project at UConn. The PI/Co-I will meet with each other 
along with teams once every week through group video-conferencing as is the case with the ongoing RCT 
study.  
 
All procedures related to the study including procedures for recruitment, screening, consent process, 
testing, and training will be discussed, confirmed, and finalized during these meetings. These procedures 
will be subsequently manualized and shared across sites.  
 
In the initial stages of the study, both PI/Co-I will work with collaborators, Drs. Overby, Burton, and Eigsti,  
clinicians (Stoner, Giles, Janusz, and others), and parent consultants (Harris and others) through focus 
group meetings to develop the intervention protocols for the project.  
 
The PI/Co-I will also meet with statisticians, Drs. Dey and Bodt at the beginning of the study to confirm that 
the study design is statistically sound. Dr. Bodt will also advise on merging the data as part of the data 
coordination efforts.  
 
The UD (PI) and UConn (Co-I) will be responsible for executing the study protocol at each respective site 
including training of graduate students, checking the fidelity of administered measures, as well as ensuring 
that the study procedures followed are adhering to the proposed study protocol.  
 
The PI and Co-I will make sure to coordinate research efforts and update teams regarding progress at 
each site in terms of recruitment, data collection, coding, analyses, etc. during the weekly meetings 
throughout the study.  
 
Note that we have a single IRB protocol in place at the University of Delaware for the ongoing RCT and a 
similar process will be followed for the proposed project as well. All interactions with the IRB will be 
conducted by the study PI, Dr. Bhat including when conducting annual protocol renewals, amendments, or 
adverse event reporting. While all renewals and amendments for both sites will occur through UD IRB, any 
adverse events that arise at the UConn site will be communicated to both IRBs – UD and UConn.  







 
B. Research Coordinator & Lab manager: The UD research coordinator (TBN) will be responsible for 


coordinating research efforts, data transfer and sharing across both sites by working closely with both, PI 
and Co-I using a secure online server (Google &/or Win DFS). They will be responsible for managing and 
organizing the data collected from both sites and also data sharing across sites using FileLocker, a web-
based secure file sharing application, developed by Purdue University that facilitates easy file sharing both 
within and across organizations. The TBN research coordinator will also assist with maintaining a master 
excel database for the study and will be in-charge of randomization and group assignment. They will be 
responsible for tester and trainer assignments and for establishing a culture and environment for blinding of 
testers, coders, and our statisticians (Drs. Bodt and Dey). The lab manager at the UConn site will be 
assisting the Co-I with recruitment efforts, scheduling, screening, research effort coordination, data 
organization and backups at the UConn site as well as coordination with the research coordinator at the 
UD site.  
 


C. Collaborator/Clinician/Consultant Interactions:  
a. Both PI, Dr. Bhat & Co-I, Dr. Srinivasan will meet with intervention collaborators (either in person or via 


web conferencing) at the beginning of the study and as and when required over the course of the study. 
For instance, the PI, Co-I and their research teams will work very closely with Drs. Overby, Burton, and 
Eigsti, outside PT clinicians (Stoner, Giles, and Janusz), and outside music/dance educators to develop 
a rhythm intervention (RI) protocol in the first quarter of the project. Similarly, the PI, Co-I and their 
research teams will work with OT/PT clinicians at the beginning of the study to develop the components 
of the standard of care, seated play (SP) intervention. This phase will also involve focus group 
discussions with caregivers and other clinicians to obtain feedback on the developed protocol, training 
activities, training music, and overall content of the interventions in both groups. We will make efforts to 
incorporate suggestions from these discussions into the protocol to ensure that the intervention is 
tailored to the needs low-verbal children with ASD. Moreover, throughout the study, smaller ongoing 
modifications will be made in the RI and SP protocols as needed based on clinician/caregiver/research 
team/collaborator feedback.   


b. Both PI and Co-I will meet with Drs. Dey and Bodt to discuss the statistical approach for the study at 
the beginning of the study. Thereafter, PI, Co-I & their teams will meet with collaborators once every 
semester via web-conferencing to keep them updated regarding study progress and as and when 
needed based on requirements for statistical consultation.  


c. Clinical Psychology team: The clinical psychology post-doctoral fellow/doctoral student will conduct all 
the ADOS and IQ assessments. They will consult with Drs. Dewey and Eigsti to develop consensus 
when making clinical decisions about diagnostic confirmation. Drs. Bhat/Dewey, and Srinivasan/Eigsti 
will conduct annual on-site reliability and fidelity checks for ADOS administrations. The PI/Co-I’s 
graduate/undergraduate students will assist the psychology students/fellows to schedule, administer, 
record, catalog assessment findings, and to write brief reports for parents. 


d. The PI and Co-I will ensure that the research team, OT/PT clinicians, and caregivers are maintaining 
treatment fidelity when delivering the intervention components. 


D. Graduate Students: Two graduate students at the UD site and two graduate students (TBD) at the UConn 
site will be hired for this study. All students will have a background in pediatric occupational/physical therapy. 
Graduate students will be trained by the PI/Co-I at each site in procedures related to screening and obtaining 
consent, data collections, data coding, and data analyses. In addition, the PI, Co-I will provide oversight of in-
lab and remote data collection procedures. Prior to coding standardized tests, the students will establish 
reliability on coding procedures with the PI or Co-I. Graduate students will work with PI and Co-I on 
publications from the project including conference posters/platform presentations and journal manuscripts.  
 
E. Undergraduate Students: Multiple undergraduate students will be assigned to varying roles including 
recruitment efforts, scheduling visits, assisting with data collection during in-lab/online field testing and training 
sessions, video data coding, and taking data backup/downloads/entries. They will work closely with graduate 
students assigned to them. They will also meet with their respective site PI during weekly lab meetings to 
update them of their progress.  
 
F. Recruitment Sites: We have identified area hospitals, clinical services, clinicians, and parent advocacy 
groups at both sites (UD and UConn) that we will communicate with for help with recruiting families for the 







study. Undergraduate students, research coordinator, lab manager, and the PI/Co-I will interact with these 
partners to recruit participants for this study.  


 








Dissemination Plan 
 


1. Year 1: In the first year, we plan to present posters or talks at conferences within and outside the 
university including the International Society for Autism Research (INSAR) and Society for Research in 
Child Development (SRCD) to describe the study framework/protocol. We also plan to write two 
manuscripts based on systematic reviews of the literature on the behavioral and cognitive effects of 
creative/rhythmic movement for children with ASD. In addition, we will also write 2 manuscripts 
reporting preliminary behavioral and cognitive findings from the ongoing pilot RCT.  
 


2. Year 2: In the second year, we plan to present posters/ talks at conferences within and outside the 
university including the International Society for Autism Research (INSAR), Society for Research in 
Child Development (SRCD), and the North American Society for Sport Psychology and Physical 
Activity (NASPSPA).  The posters/talks will provide an update on the preliminary data collections and 
our recommended pragmatic training protocol for children with ASD. We also plan to write two 
manuscripts to describe our protocol including key ingredients and activity ideas for the study as well 
as based on the completed analyses from the ongoing (at that point past) pilot RCT findings.  


 
3. Year 3: In the third year, we plan to present the preliminary data through posters/talks at conferences, 


namely, International Society for Autism Research (INSAR), Society for Research in Child 
Development (SRCD), and the North American Society for Sport Psychology and Physical Activity 
(NASPSPA). We also plan to write 4 manuscripts to report preliminary data on motor and social 
communication measures from the first 60 subjects of the proposed project.  


 
4. Year 4: In the fourth year, we plan to present posters or talks at conferences at conferences, namely, 


the International Society for Autism Research (INSAR), Society for Research in Child Development 
(SRCD), and the North American Society for Sport Psychology and Physical Activity (NASPSPA). The 
posters and/or talks will provide an update on the data collection completed thus far and offer broader 
clinical implications on the feasibility and value of this approach to enhance participation and function 
in children with ASD. We will write two additional manuscripts on our preliminary findings from the 
intervention study for half the dataset for affective-behavioral, cognitive, and functional participation 
measures. 
  


5. Year 5: We plan to present the final dataset through posters and talks at conferences within and 
outside the university, namely, International Society for Autism Research (INSAR), Society for 
Research in Child Development (SRCD), and the North American Society for Sport Psychology and 
Physical Activity (NASPSPA). We plan to write 8 papers on the final dataset. These manuscripts will 
cover the following topics: a) Compare standardized motor function and participation changes 
performance between the RI and SP groups, b) Compare social communication changes in the RI and 
SP groups, c) Compare affective-behavioral changes in the RI and SP groups, d) Compare cognitive 
changes in the RI and SP groups, e) Compare task-specific, rhythmic action task changes in both 
groups, f) Compare task-specific, fine-motor changes in the RI and SP groups, g) Describe the value 
and challenges of real-world implementation of rhythmic movement programs for children with 
disabilities and future directions, and h) Comparing TH and F2F modes of delivery for the SP and RI 
groups.  
 


6. Authorship Guidelines: Each year, we will make efforts to write 2-4 papers at each site (UConn and 
UD) and direct the manuscripts to various clinical/research audiences. Students/PI/Co-I at the site will 
receive priority for first authorship for the papers they take lead in writing.  
 


7. Online Promotion and Local Talks: At both sites, UConn and UD, we will use opportunities such as 
talks to local advocacy groups and clinicians to share study findings and explain the value of using 
creative movement to promote function and participation in children with ASD. We will also engage in 
dissemination through short articles written for the general audience through articles in science blogs 
such as Spectrum News.  








  


Resource/Data Sharing Plan 
 
Data generated in this research: 


o Data generated in this project includes screening forms, screening questionnaire (i.e., Social 
Communication Questionnaire), parent developmental questionnaire (Vineland Adaptive Behavior 
Scales), clinical assessment forms as well as excel files with data entries. No renewable agents will be 
generated in this research. Measures obtained include:  


o Pre, post, and follow-up clinical testing: Joint attention test, Bruininks-Oseretsky Test of Motor 
Proficiency (BOT) fine and gross motor subtests, Flanker task of response inhibition, task-specific fine-
motor creation test, bilateral motor coordination and postural praxis subtests of the Sensory Integration 
and Praxis Test (SIPT) battery, the Test of Gross-Motor Development (TGMD), task-specific tests of 
interpersonal synchrony using rhythmic actions, and the 2-minute walk test. 


o Pre, post, and follow-up clinical testing parent questionnaires: Parents questionnaires including the 
pediatric quality of life (Peds QOL), Sensory Processing Measure (SPM), Developmental Coordination 
Disorder-Questionnaire (DCD-Q), and Goal Attainment Scaling (GAS) ratings. The child and caregiver 
will complete exit questionnaires at posttest and follow-up sessions.  


 
Plan for data sharing: 


o Policies for access and sharing the data during the life of the award and after award closeout 
- After manuscripts based on this work are in press and follow-up grants have been written, we will 


submit de-identified data to the NIMH Data Archive (NDA). 
- Deidentified data can also be submitted through manuscripts to journals accepting such data (e.g., Plos 


One).  
o The format and mode of data delivery: We have shared data (from the PI’s past NIH RO3 grant) with 


the NDA. We will continue to use the same resource for data sharing. We will follow the standard NDA 
procedures to protect privacy, confidentially, and security of the data.  


 
 








STATISTICAL DESIGN & POWER 


A. Statistical Analysis 


i) Prior to analyses, baseline similarities between groups will be assessed for key variables including 


autism severity, IQ, SES, services received, etc. Provided assumptions are met, the most sensitive 


repeated measures analysis with multiple dependent variables is conducted as 3 omnibus doubly 


MANOVA analyses to compare the effects of the 2 interventions over 3 time periods on dependent 


variables associated with the following 3 domains (a) social-motor (total score on JTAT, percent 


duration of social attention and social verbalization, percent time spent in synchrony, timing and 


variability measures on rhythmic action tests, and percent errors and timing variables on imitation 


tests), (b) affective-behavioral and cognitive-motor (response time on Flanker task, rates of repetitive 


and negative behaviors, % duration of positive/ task-appropriate interested affect, scores on VABS, 


total error scores and timing variables on the SIPT), and (c) motor function and participation (total 


scores on BOT and TGMD, distance covered on 2MWT, overall ratings on DCD-Q, SPM, Peds-QOL, 


GAS, and exit questionnaires).  


ii) For all these analyses, group will be added as a between-subjects factor, visit (pretest, posttest, follow-


up) will be added as the within-subject factor, and mode of intervention delivery (F2F vs. TH) will be 


added as a covariate.  


iii) If the MANOVAs indicate significant differences, post-hoc ANOVAs and t-tests will be conducted to 


identify between and within-group differences using SPSS. MANOVA is best suited to accommodate 


the expected correlated responses within each of the domains and be sensitive to a collective change 


as opposed to a single response change in a univariate analysis.  


iv) Prior to employing the analysis, all relevant assumptions will be reviewed: responses transformed as 


necessary to approximate interval/ratio scale, univariate outliers detected with graphical procedures, 


multivariate outliers assessed using Mahalanobis distance, linearity of responses assessed both 


graphically and using Pearson’s correlation, homogeneity of covariance matrices assessed using 


Box’s M test, equality of variances using Levene’s test, and normality for each cell of the design with 


a Shapiro-Wilk test.  


v) If assumptions of MANOVA are not met, the analyses will be conducted with a series of univariate 


repeated measures designs with Bonferroni adjustments to α using a multilevel model representation 


to accommodate covariates as necessary. 


B. Power Analysis and Sample Size Estimates 


a) Our sample size estimates are based on data from two sources. 


i) Our own RCT with children with ASD suggested that rhythm interventions lead to moderate to large 


improvements (Effect sizes (ES) in Cohen’s d: 0.60 to 0.65) in motor skills on standardized motor 


tests (BOT) as well as task-specific imitation. 


ii) A Cochrane review on short and medium-terms effects of music therapy interventions for children 


with ASD suggested that compared to ‘placebo’ therapy or standard of care, music therapy led to 


medium-to large effects (ES = 0.57 to 2.28) in social interactions, verbal and non-verbal 


communication, initiating behaviors, and social emotional reciprocity (Gerretsegger et al., 2016). 


Similarly, a previous meta-analysis on music-based interventions in children and adolescents with 


ASD suggested an overall medium effect size (ES = 0.77) compared to non-music conditions 


(Whipple, 2004). A recent meta-analysis of the effects of rhythmic dance interventions in children with 


disabilities including ASD suggested a medium-to-large effect (ES = 0.71-1.028) on balance and 


jumping skills (May et al., 2021).  Finally, movement therapy involving dance led to medium- to-large 


effects (ES = 0.53-0.85) on health-related psychological outcomes in children and adults with various 


types of diagnoses including ASD.  


b) A 2 x 3 between/within repeated measures design with 2 groups and 3 time points is the building block 


for all data analyses for each outcome measure, and a lower bound for sensitivity can be established 


using that structure. For example, in Aims 1 & 2 there are five outcomes each. Within each aim, 


making a Bonferroni adjustment for five distinct outcomes (𝛼′ = 0.05/5 = 0.01), with n = 120, the 


study is powered at 0.95 to detect even small effect sizes of magnitude d = 0.34; consequently, the 


test would detect any of the effect sizes reported in the cited literature sources (i and ii). 








Human Subjects Section 
The proposed research is a minimal risk study involving human subjects.  
 
1. Risk to Human Subjects 
a. Human subjects involved, characteristics, and design 
120 children with Autism Spectrum Disorder (ASD) between 5 and 10 years of age will be recruited. Children 
may serve as subjects for this study independent of sex, race/ethnicity, or socioeconomic status. However, we 
will match some of these and other characteristics between groups (i.e., age band, level of communication, 
and function). 60 children will be recruited by the University of Delaware’s (UD’s) Move2Learn lab (Lab 
Director/PI: Bhat) and another 60 children will be recruited by the University of Connecticut’s (UConn’s) 
REINVENT-PT Lab (Lab Director/Co-I: Srinivasan). All procedures will be identical at both sites. We will make 
significant efforts to recruit a diverse sample by reaching out to schools and services with a diverse population, 
for example, autism services and schools in the nearby cities of Wilmington, DE, Philadelphia, PA, and 
Baltimore, MD at UD and Hartford, New Haven, Bridgeport, & Waterbury, CT as well as Newton, MA, and 
Providence, RI at UConn. Consistent with our pragmatic study approach, based on family preferences, 
test/training will be conducted either face-to-face (F2F) with proper precautions at the lab, or home or school or 
via telehealth (TH) after the supplies are delivered/mailed out to the family. 
 
Recruitment Methods: At UD, we have the support of large national databases (Simons Foundation, SPARK 
study), parent advocacy groups (e.g., Autism Delaware, Family Voices), local hospitals (the Swank Autism 
Center  at the Nemours A. I. duPont Hospital for Children), local rehab services (UD PT, UD Speech clinic, 
Theraplay, Inc. etc.), and pediatric OT/PT clinicians (Tracy Stoner, Caroline Giles, Lauren Janusz) to reach 
families in the DE-MD-PA region (see letters of support). At UConn, we have the support of school districts 
(UConn KIDS, Oakhill schools), parent advocacy groups (e.g., SpEdCT, CT family support network), area 
hospitals (Connecticut Children’s Medical Center, PT Department and Hospital for Special Care, Autism 
center), local rehab services (UConn PT and Speech clinics), and connections with pediatric PT clinicians 
working in the school systems and through UConn’s alumni network (see letters of support).  
 
Screening Process: Parents will complete a screening interview that will confirm demographics and assess 
the child’s eligibility based on inclusion and exclusion criteria. Once the child’s eligibility is confirmed, the 
PI/Co-I’s doctoral students with OT/PT background will schedule visits for the family. In light of the ongoing 
pandemic, the families will be provided the option of participating via F2F or TH mode. We will develop a 
system to conducted test/training sessions uniformly and consistently using the family’s preferred method of 
study delivery for the entire study period.  
 
Inclusion Criteria: Children with ASD in the age range of 5 and 10 years may participate in this study. Parents 
will provide a medical, school, or neuropsychological record confirming their child’s ASD diagnosis offered by 
an appropriate medical professional (i.e., psychologist, psychiatrist, or a trained physician). They will complete 
the Social Communication Questionnaire (SCQ) to screen for social delays (Berument et al., 1999). Parents 
will also complete the Vineland Adaptive Behavior Scales, 3 rd edition (VABS-3) caregiver rating form to obtain 
a measure of adaptive functioning and overall development (Sparrow et al., 2016). In addition, children will 
need to meet criteria for ASD on the Autism Diagnostic Observation schedule-2nd Edition (ADOS-2, Lord et al., 
2012). The ADOS-2 is a gold standard measure to confirm the diagnosis of ASD.  It involves 30- to 45-minutes 
of structured play with well-defined probes for eliciting behaviors that can be rated within the domains of social 
communication and repetitive/stereotyped patterns of behaviors and interests. The instrument provides 
algorithms reflecting scores within each of the diagnostic domains of ASD (social communication and repetitive 
behaviors). A diagnosis of ASD will be based on the ADOS algorithm criteria for ASD as well as clinical 
judgment of the trained clinician. 
  
At UD, the PI has been working with clinical psychologists at the Nemours/A. I. duPont Hospital for Children, 
Dr. Laura Dewey and her clinical psychology post-doctoral fellows to complete ADOS and IQ testing for her 
current NIH and foundation-funded studies. The PI, Dr. Bhat and Dr. Dewey are research reliable with ADOS 
creator, Dr. Cathy Lord’s team. Additionally, Dr. Dewey and her current psychology fellow have established 
reliability on the ADOS with each other and with the PI. The assigned psychology post-doctoral fellow will be 
the primary evaluator and Dr. Dewey will check the fidelity of the administrations and establish consensus 
when the fellow is looking for a second opinion for certain assessments/children. Each session will be 







videotaped for fidelity checks and establishing consensus. The psychology post-doc will write a brief evaluation 
report to the families to inform them of their child’s performance on the ADOS-2 and IQ assessment. Graduate 
students working with the PI will assist the fellow in completing scheduling, set up, recording, cataloging, and 
writing of these parent reports. All clinical psychology testing will occur at the UD STAR campus (20 min away 
from the A. I duPont Hospital for Children’s Swank Autism Center). As mentioned earlier, the PI has worked 
with Dr. Dewey and clinical psychology post-doctoral fellows to complete similar assessments for past projects.  
 
Similar procedures will be followed by the trained and reliable, senior clinical psychology doctoral student at 
UConn to conduct testing, establish reliability, and obtain consensus during diagnostic decision making. 
Collaborator, Dr. Inge-Marie Eigsti will work with the trained doctoral student to complete reliability checks and 
guide the trained clinical psychology student with clinical decision making. The Co-I, Dr. Srinivasan’s graduate 
students will assist the clinical psychology student to schedule, setup, administer, record, catalog, and write 
reports for the study participants.  
 
Exclusion Criteria: Children with significant hearing and vision impairments, severe intellectual impairment, 
severe behavioral issues, and severe communication impairments who are unable to follow one-step 
commands to move (e.g., clapping, marching actions), or those who are high-verbal (i.e., fluent speech) will be 
excluded. Any additional cardiovascular, musculoskeletal, or neurological issues affecting a child’s participation 
will be considered exclusionary. Children receiving significant musical experiences (within the past 6 months) 
will be excluded.  
 
Matching Criteria: Children will be matched on age bands (5-7, 7-9, 9-10 years), sex, verbal levels (non-
verbal or phrase speech), level of functioning (moderately low to low based on Vineland Scales) prior to 
random group assignment – to the rhythm intervention (RI) or seated play (SP), comparison intervention. All 
testers and coders will be blinded to group assignment.   
 
b. Study procedures, material sources, and potential risks 
All data will be collected per protocols stated in the Research Strategy section “Proposed Study Methodology”. 
Confidentiality is maintained by keeping identifying information in locked cabinets. All hard/electronic copies of 
data will be de-identified and stored in locked cabinets within the PI’s lab at the UD STAR campus facility 
(http://www.udel.edu/star/) and the Co-I’s REINVENT-PT Lab at the UConn Storrs campus. Our measures 
include video data of the testing and training sessions, hard copies from the standardized assessments, as 
well as post-processed data including text, Matlab and Excel files. Specific testing measures include each of 
the following:  
a) Screening tools (30 min): Standardized questionnaires include the Social Communication Questionnaire 
(SCQ) and the Vineland Adaptive Behavior Scales (VABS). 
b) Clinical psychology assessments (~2 hours): Standardized assessments include Autism Diagnostic 
Observation Schedule, 2nd edition (ADOS-2) and Stanford-Binet Intelligence Test (SBIT). 
c) Pre, post, and follow-up clinical testing (2, 1.25-hour sessions): Day 1 will include the Bruininks-Oseretsky 
Test of Motor Proficiency (BOT) fine-motor subtests, Flanker task of response inhibition, task-specific fine-
motor test using Lego and Play-Doh supplies and the Praxis subtests of actions and postures from the Sensory 
Integration and Praxis Test (SIPT) battery. Day 2 will include the Bruininks-Oseretsky Test of Motor Proficiency 
(BOT) gross-motor subtests, the Test of Gross-Motor Development (TGMD), task-specific tests of 
interpersonal synchrony using rhythmic actions, the 2-minute walk test, and shuttle run test (i.e., part of the 
BOT agility subtest). 
d) Pre, post, and follow-up clinical testing parent questionnaires (~ 30 minutes): Parents will complete multiple 
questionnaires including the pediatric quality of life (Peds QOL), Sensory Processing Measure (SPM), 
Developmental Coordination Disorder-Questionnaire (DCD-Q), and Goal Attainment Scaling (GAS) ratings. 
Additionally, the child and caregiver will complete exit questionnaires about their experiences with the 
interventions at the posttest and follow-up sessions.  
 
Testing Protocol:  
Testing will occur over 2 sessions via F2F or TH visits at UD or UConn. F2F visits may happen at the PI/Co-I’s 
labs (i.e., UD STAR campus’s Move2Learn lab or UConn’s REINVENT-PT Lab) The PI and Co-I have 
independent testing space to complete the testing procedures.    
 



http://www.udel.edu/star/





1. Visit 1 (Clinical Psychology Evaluation, 1.5-2 hours): Children with ASD will complete the diagnostic 
gold-standard assessment, Autism Diagnostic Observation Schedule-Edition 2 (ADOS-2). The 
psychology doctoral student/post-doctoral fellow will administer the ADOS and SBIT. They will further 
communicate with the PI and/or Dr. Dewey/Dr. Eigsti regarding any questions that may arise during 
testing. They will provide brief written reports on each of these assessments to the parents and will 
follow-up with them as needed. Parents will complete the Vineland Adaptive Behavior Scale (VABS) to 
describe their child’s overall motor, social communication development and adaptive functioning.  


2. Visit 2 (Clinical Assessment, 1 hour, 15 min): Each child will complete the Joint Attention Test and the 
BOT manual motor (manual dexterity), and fine motor (precision and integration) subtests. Each 
subtest involves 5 to 7 actions and takes about 10 minutes to complete. They will also complete task-
specific, timed, fine motor creation tasks using Lego and Play-Doh supplies. Visual picture cards 
detailing the steps of the creation will be provided. Children will also complete the computerized Flanker 
test of response inhibition. They will be asked to point using their index finger towards the direction in 
which the fish are pointing. The test with take around 5 minutes. We will also complete the two praxis 
subtests (bilateral motor coordination (BMC) and postural praxis (PP)) from the SIPT battery (see 
Appendices for details). The BMC subtest includes 14 rhythmic action sequences and the PP subtest 
includes 17 postures. The child is asked to copy the rhythmic actions/static postures of the tester in a 
turn-taking format. Two opportunities will be provided per action/posture. Each subtest takes about 10 
minutes to complete. For all test activities, breaks will be provided as needed.  


3. Visit 3 (Clinical Assessment, 1 hour, 15 min approx.): Each child will complete the BOT gross-motor 
subtests (balance, bilateral coordination, agility, and strength) and the locomotor subtest of the Test of 
Gross Motor development. Each subtest will take around 10 minutes to complete. Visual picture cards 
and demonstrations will be used to instruct the child in each of the BOT and TGMD tasks. We will also 
complete the rhythmic action task that takes about 20 minutes. Each child will complete action trials in a 
randomized order. The tester will show a picture of the action to be performed (symmetrical drum, 
alternate drum, and side-to-side sway), demonstrate each action, provide a practice trial where the 
child practices the action for approximately 10 cycles, and provide manual hand-on-hand assistance if 
needed. Trials will include actions performed in a solo context (i.e. on their own) or a social context (i.e. 
with caregiver who is facing the child at approx. 6-feet distance). The child will complete two, 30-second 
trials for each action. Breaks will be provided for test activities, as needed.  


4. Parent Questionnaires: Parents will complete four questionnaires including the pediatric quality of life 
(Peds QOL), Sensory Processing Measure (SPM), Developmental Coordination Disorder-
Questionnaire (DCD-Q), and Goal Attainment Scaling (GAS) ratings at pretest, posttest, and follow-up. 
In addition, the child and caregiver will complete exit questionnaires about their experiences with the 
interventions at the posttest and follow-up sessions.  


 
Training Protocol:  
Training will be provided to participating children in both groups over 2 phases lasting for 8 weeks each, hence, 
a total of 16 weeks. The two phases are: a hybrid-delivery phase and a community implementation phase. 
Caregivers will have the option to choose between F2F or TH-based intervention delivery. For TH 
interventions, a training kit with supplies will be mailed or dropped off at the family’s home. Prior to the initiation 
of training, we will meet with caregivers to set meaningful and functional training goals for the child, identify 
caregiver-recommended strategies to interact with their child, and familiarize caregivers with training supplies, 
activities, and recording technology. We will provide families with webcam, speaker/mic, and a mini-laptop. In 
our current RCT, we give them a brief demo of how to set up the technology (in-person or via instructional 
video).  
In the first 8-weeks of hybrid intervention, trained OT/PT graduate students will provide interventions to the 
child twice a week for 1 hour/session. Each session will involve the child and caregiver/clinician interacting with 
the expert researcher and an adult confederate, serving as the child’s buddy. A local clinician or caregiver 
could provide an additional session/week that will involve practice of training activities from sessions delivered 
during the week (i.e., cheat sheets of activities provided) or activities from a compendium of online videos/links 
identified by the experts.  
In the community implementation phase over the next 8 weeks, the intervention will be provided once a week 
by a community clinician and once a week by the child’s caregiver for 30-45 minutes/session. Given the 
clinician/caregiver’s involvement during the first hybrid phase of the study, they will be familiar with the training 
protocol and will be able to smoothly transition to the community implementation phase. Prior to this phase, 







clinicians and caregivers will be provided an overview of training principles and target goals as well as access 
to all training materials and supplies. A detailed, week-by-week, tailored activity plan will be developed for each 
child. Clinicians and parents will have the flexibility to alter activities based on the child’s needs while retaining 
the key ingredients of training.  
All expert-, clinician-, and caregiver-delivered sessions will be assessed by unbiased coders using checklists to 
assess the fidelity of implementation of training procedures and principles. At the end of every session, trainers 
will be asked to document details of the session (duration, activities completed, level of difficulty), what worked 
and did not work, child affect, as well as success in attainment of training goals using the GAS. Additionally, 
caregiver feedback will be obtained for all expert- and clinician-delivered sessions using Likert scale ratings. 
The training diary will serve as a guide to improve future sessions and as an ongoing log of intervention 
delivery/progress. We will also keep track of the child’s structured and unstructured physical activity (PA) using 
a PA diary on a weekly basis.  
The RI group  will practice rhythm-based, socially synchronous activities focused on improving bilateral, upper-
limb and whole-body coordination, balance, imitation, interpersonal synchrony, and executive functions. The 
activities will be designed to build an engaging and immersive therapeutic environment while promoting 
functional movement exploration, improvisation, and free play. Specifically, each training session will have the 
following contexts: (a) Hello songs/musical action games that will involve children singing or playing games to 
greet each other, (b) Warm-up will involve movement sequences to warm-up the body using ice-breaker 
games, (c) Music making or instrument play will involve whole body movements to the beat of percussion 
instruments such as maracas, tambourines, shakers, etc. to improve bilateral coordination skills as well as 
targeted practice of percussion drums to improve arm coordination and praxis,  (d) Musical chores involving 
practice of daily living skills such as grooming, buttoning a shirt, etc. to the beat of a song or music to improve 
functional skills. (e) Moving game will involve practice of fundamental locomotor skills such as jumping, 
hopping, skipping, galloping, leaping, marching, etc. performed to music to improve rhythmic coordination and 
executive function. This game will also involve activities that focus on improving balance, e.g. standing on tip-
toes, one leg balance, etc. and lastly, (f) Calming breaths and Reflections/farewell will involve the children 
practicing calm deep breathing using props (i.e., pinwheel, mirror, etc.), reflecting on the session practice, and 
ending with farewell songs.  
The SP group will practice table-top activities modelled on standard-of-care special education, speech, and 
occupational therapy for children with ASD, aimed at improving reading, social communication, and fine-motor 
skills. Each training session will involve: (a) greetings/hello games, (b) reading age-appropriate story books, (c) 
warm-up activities and games to promote hand dexterity, beading, do-a-dot, etc., (d) building and art-craft 
activities that involve making creations using supplies such as play-doh, legos, zoob, etc. as well as art 
creations requiring drawing, coloring, cutting, and pasting, (e) functional skills training to promote activities of 
daily living such as brushing, dressing, etc. identified by the caregiver, and (f) reflections and farewell. The 
session will not involve any music or gross-motor movement practice.  
Both groups will promote (i) social communication skills such as sustained eye contact, joint attention, turn 
taking, sharing of supplies, spontaneous and responsive communication, and imitation skills, (ii) behavioral 
responses such as waiting for one’s turn, following rules of the games, and task-related compliance, and (iii) 
motor skills (gross motor in RI group and fine motor in SP group). In both groups, the expert trainer will model 
activities for the child and will guide the session progression. Picture schedules will be used to structure the 
session and step-by-step visual models will be provided (Srinivasan & Bhat, 2013). The caregiver/clinician or 
adult confederate will assist the child if needed during the activities. Across weeks, training activities will be 
progressed in both groups based on the child’s performance. For example, activities will progress from simple 
to complex, single-joint to multi-joint, single to dual to multi-limb movements, bilateral symmetrical to bilateral 
asymmetrical movements, and single-step to multi-step activity sequences. Principles of motor learning 
including discovery learning, random and variable practice, least-to-most prompting (verbal, gestural, and 
manual), as well as both whole and part practice will be incorporated during training activities in both groups. 
Positive reinforcement such as verbal, gestural, and small rewards (such as breaks or favorite activity) will be 
offered as appropriate.  
 
Potential risks 
Both, video-recording as well as the standardized testing are extremely safe and non-invasive procedures.  In 
general, children may get tired or bored during the testing sessions. Parents may feel burdened by in-person 
laboratory visits. We will offer a range of times on weekdays and weekends to accommodate parent schedules. 







We may uncover developmental delays in children during the process of screening that parents may not be 
aware of.   
 
2. Adequacy of Protection Against Risks 


a. Informed Consent and Assent 
Participation in the study is voluntary. Upon reading local fliers/announcements, families will call/email us and 
find out more about the project. We inform them on the details of the project, screen them for participation, and 
take them thought the consent form details. We email them the screening consent form to complete the 
consent process via google forms. Thereafter, we call them to complete the screening interview comprising 
demographic information and questions related to the inclusion/exclusion criteria. We write down the parent’s 
responses during the screening inter